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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: beam1.axs

Thema Supported bar with concentrated loads.
Analysis Linear analysis.
Type
Geometry
P, ‘ 015
025
P, T L=10m
040
Pa($] ..
020
Side view
Section Area = 100,0 cm? (10x10)
Loads Axial direction forces P1=-200 kN, P2=100 kN, P3=-40 kN
Boundary Fix ends, at R1 and Rs.
Conditions
Material E = 20000 kN / cm?
Properties | v =0,3
Element Beam element
types
Mesh v
5 L ]
49
3
ze
14
AN
Target R1, Rs support forces
Results
Theory AxisVM %
R4 [kN] -22,00 -22,00 0,00
R5 [kN] 118,00 118,00 0,00
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: beam2.axs

Thema Thermally loaded bar structure.
Analysis Linear analysis.
Type
Geometry 1 1,0m | 1.0m |
v v Voo .
Ey — Yy
g 2 2 L=2,0m
8 o 3

Sections:
Steel: As=m x10*m? (D=2cm)
Copper: Ac = Tt x 10* m?2 (D=2cm)

Side view

Loads = -12 kN (Point load)

Temperature rise of 10 °C in the structure after assembly.

Boundary The upper end of bars are fixed.
Conditions | Nodal DOF: Frame X-Z plane

Material | Steel: Es=20700kN/cm?, v =03, s =1,2x 105°C"

Properties

Copper: Ec =11040 kN/cm?,v =0,3, Oc = 1,7 x 105 °C""

Element Beam element
types
Target Smax in the three bars.
Results
Theory AxisVM %
Steel S,,.x [MPa] 23,824 23,848 0,10
Cooper S« [MPa] 7,185 7,199 0,19
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: beam3.axs

Thema Continously supported beam with point loads.
Analysis Linear analysis.
Type
Geometry
Side view
(Section width = 1,00 m, heights = 0,30 m, height2 = 0,60 m)

Loads P+=-300 kN, P2=-1250 kN, P3s=-800 kN, P4+=-450 kN
Boundary Elastic supported.
Conditions | From A to D is Kz = 25000 kN/m/m.

From D to F is Kz = 15000 kN/m/m.

Nodal DOF: Frame X-Z plane
Material E = 3000 kN/cm?
Properties | v =0,3
Element Rib element: Three node beam element. Shear deformation is taken into account.
types
Target ez, My, Vz, R;
Results

Results

[ . S— — —_——

G0

[
=]
®
®

6315

Diagram My
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6472

3349

-187,3
182,56

465,1

5028

Diagram V:

267,56

’ Silﬂg‘

-200,78} .

Diagram R:

Reference AxisVM e [%]

ep[m] 0,0060 0,0062 3,33
eg[m] 0,0090 0,0088 -2,22
ec[m] 0,0140 0,0138 -1,43
ep[m] 0,0150 0,0155 3,33
ec[m] 0,0150 0,0150 0,00
er [m] 0,0130 0,0134 3,08
Reference AxisVM e [%]

M4 [KNmM] 0.0 0.2 0.00
Mg [KNm] 88.5 87.9 -0.68
M [KNm] 636.2 631.5 -0.74
Mp [KNm] 332.8 330.3 -0.75
Mg [KNm] 164.2 163.5 -0.43
Mg [KNm] 0.0 0.4 0.00
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Results Reference AxisVM e [%]
V4 [KN] 0.00 0.09 0.00
Vg [KN] 112.10 113.09 0.88
Ve [KN] 646.80 647.15 0.05
Vp [KN] 335.00 334.86 -0.04
Ve [KN] 267.80 267.48 -0.12
Ve [KN] 0.00 -0.05 0.00

Reference AxisVM e [%]
Ra [KN/m?] 145,7 154,0 5,70
Rg [KN/m?] 219,5 219,5 0,00
Rc [KN/m?] 343,8 346,0 0,64
Rp [KN/m?] 386,9 384,8 -0,54
Re [KN/m?] 2245 224,7 0,09
R [KN/m?] 201,2 200,8 -0,20
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Software Release Number: X5r1
Date: 07. 11. 2018.
Tested by: InterCAD
File name: beam4.axs
Thema External prestressed beam.
Analysis Linear analysis.
Type
Geometry
p=-50 kN/m
‘ Il _[C‘L IO’G m
I | l— iintatel ittt
i . Length change . i
20m | 40m “20m |
Side view
Loads p =-50 kN /m distributed load
Length change = -6,52E-3 at beam 5-6
Boundary eY =eZ==0 at node 1
Conditions | eX=eY =eZ =0 at node 4
Material E =2,1E11 N/ m?
Properties | Beam 1-5, 5-6, 6-4 A = 4,5E-3 m? .= 0,2E-5 m*
Truss 2-5, 3-6 A = 3,48E-3 m?1,= 0,2E-5 m*
Beam 14 A =1,516E-2 m?|,= 2,174E-4 m*
Mesh Beam 1-4: division into N segment: N = 12
1 2 3 4
5 6
Element Rib element: Three node beam element, 1-5, 5-6, 6-4, 1-4 (shear deformation is taken into
types account)
Truss element 2-5, 3-6
Target Nx at beam 1-4
My,max at beam 2-3
ez at node 2
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Results

2,000

4,000

2,000

8,000

Diagram e:
ROBOT V6° AxisVM %
N, [kN] 584,56 584,81 0,04
M, [KNm] 49,26 34,20 -30,58
e, [mm] -0,5421 -0,5469 0,89
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: plane1.axs

Thema Periodically supported infinite membrane wall with constant distributed load.
Analysis Linear analysis.
Type
Geometry [
K
[
i .2 : I
. H
2m
P .2 | p

| ] o

| 04m 04m

| - -

; 2m ! 2m ! 2m

Side view
(thickness = 20,0 cm)

Loads p=200kN/m
Boundary vertical support at every 4,0 m support length is 0,4 m (Rz = 1E+3)
Conditions | Symmetry edges — Nodal DOF: (C CfC C C)
Material E =880 kN / cm?
Properties | v =0,16
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh PANpAN

T

Target

Sxx at 1-10 nodes (1-5 at middle, 6-10 at support)
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Results

Node | Analytical [kN/cm?] | AxisVM [kN/cm?] %
1 0,1313 0,1310 -0,23
2 0,0399 0,0395 -1,00
3 -0,0093 -0,0095 2,15
4 -0,0412 -0,0413 0,24
5 -0,1073 -0,1070 -0,28
6 -0,9317 -0,9166 -1,62
7 0,0401 0,0426 6,23
8 0,0465 0,0469 0,86
9 0,0538 0,0537 -0,19
10 0,1249 0,1245 -0,32
Reference:

Dr. Bolcskey Elemér — Dr. Orosz Arpad:
Vasbeton szerkezetek Faltartok, Lemezek, Taroldk
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: plane2.axs

Thema Clamped beam examination with plane stress elements.
Analysis Linear analysis.
Type
Geometry
p=-25 kKN/m
A 1 i 4
0,375 m 5,625 m |
i 6,0 m i
Side view

Loads p =-25 kN/m
Boundary Both ends built-in. Line support component stiffness: 1E+10.
Conditions | Symmetry edge — Nodal DOF: (C CfC C C)
Material E =880 kN / cm?
Properties | v=0
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh

0,375
—

L ]
eage

-

3,000

Side view

0,500
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Target Txy, max at section C
Results

0,375

3,000

Diagram Txy

T~

79 57

Diagram Txy at section C
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V =65,625 kN (from beam theory)
S;, =0,0078125 m’
b=0,25 m

I, =0,00260416 m*

o V-S, 65625-0,0078125
¥ b-I,  0,25-0,00260416

=787,5 kN/m’
AxisVM result 7, =791,57 kN / m?
Difference = -0,10 %

AxisVMresult 7 =>"n  =65,63 kN

Difference = 0,008 %
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: plate1.axs

Thema Clamped thin square plate.
Analysis Linear analysis.
Type
Geometry
1 7
A | &
——
£
o
<
-_— == -
Top view
(thickness = 5,0 cm)
Loads P =-10 kN (at the middle of the plate)
Boundary eX=eY =eZ=1fiX=1iY =fiZ =0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane
Material E = 20000 kN / cm?
Properties | v =0,3
Element Plate element (Parabolic quadrilateral, heterosis type)
types
Mesh

4,000

L.

Target

Displacement of middle of the plate
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Results

0001 -
S aom -
A0 - oo -
P et 201 -
/ ) 2 a0 Dozs
Pt ons . oes 202
= omme " 20 -
par 0,06 1. " .
215 ./ g1 Lo o
0028 . D08t 2 . 0087 019 -
e . 0,158 0,081 0,0
0,026 0087 y 0,15 0187 . 0,168 . 0% 7 00m -
o188 : ] 7 oom
0.024 2,087 o 277 0158 oz
- 0237 ; / o S omn
Pyl 2,08 e g " ! 0k
S 2 T 0280 - g D012
028 0307 N 2z 7 o
012 g . 0187 / ps .
g o 9337 . - ST s
DT e T : - 0
2008 0043 0.1 N 0337 Py 2231 o0 o
ooz 0084 o1 A D307 7 AT 7 DI L pom
. 2042 st R 2382
- D006 ° - - 0125 D307 ", 3353 2, 22m, 168, D07 pone 7
- o0m - 208 o2 PP a - - :
L L S P 28 Sy ‘o257 g8
- 0p2 205 e 2
- D0z T D,
- Q.28

Displacements

Mode | Mesh | Book' | Timoshenko® | AxisvM | piff' %] |piff* %]

1 2x2 0,402 0,420 4,48 | 10,53

4x4 0,416 0,369 | -11,30 | -2,89

8x8 0,394 0,38 0,381 -3,30 | 0,26

12x12 | 0,387 0,383 -1,03 | 0,79

AW IN

16x16 0,385 0,383 -0,52 | 0,79

References:

1)
2)

The Finite Element Method (Fourth Edition) Volume 2.
/0O.C. Zienkiewicz and R.L. Taylor/ McGraw-Hill Book Company 1991 London
Result of analytical solution of Timoshenko

Displacements

15,00

10,00

5,00

0,00

-5,00

-10,00

-15,00

Convergency

\

\ \ - L —— Diff1 [%]

\ \-\///‘/__1 = Diff2 [%]

N4

N

Mesh density
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: XLAM_Example_1.axs

Thema Simply supported XLAM plate.
Analysis Linear analysis.
Type
Geometry | e — e N
. £
PZ=-5.00 kNm"2 =
L]
L]
=
’ 11,000 m .
Top view (x-y plane)
Loads P =-100 kN concentrated force acting at point (x=9.0m, y=2.5m)
PZ = -5.00 kN/m? uniform load
Boundary eX=eY =eZ=1iY =fiZ=0, fiX = free along top and bottom edges
Conditions | eX=eY =eZ=fiX=1iZ=0, fiY = free along left and right edges
Nodal DOF at the remaining nodes: Plate in X-Y plane
Material Material quality equals to C24 timber.
Properties
Section MM 7s/240 XLAM section with “x” oriented top layer grain direction and Service Class 2,
Properties | producing an overall thickness of 240 mm.
Element Plate element (Parabolic quadrilateral, heterosis type)
types
Mesh
Average element length is 0.2 m.
Target Displacement and stresses at node 397 (x = 8.022 m, y = 3.750 m), material stiffness

matrix, shear correction factors.

Displacements and stresses with Axis VM, ANSYS and from Navier solution’
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MNode 397

CESE'|ST1

Sioem T [N/mm?2]
Syy m T [M/mm?
See m B [N/mm?
Syy m B [M/mm?

S 1 [N/ mm?
Syy n [N/mm2
Sxz max [N/mm?
2

2

2

Syz max [N/mm
Snc max [MN/mm
Sry max [N/mm

]
]
]
]
]
]
]
]
]

x y | Description | Axisvm | ANSYS | Diff [%] s':f‘l:’tiii'n Diff [%]
8022 m|3.750 m| e,[mm] | -18.024 |-18.023| 001 |-18.024| 0.00
8.022 m|3.750 m °Ef;‘::2]“m 2812 | 2805 | 028 | 2812 | 002
8.022 m|3.750 m °Vr[';"/";‘:2]“m 4995 | 4951 | 089 | 4982 | 026
8.022 m|3.750 m| ™ [E‘;"r;‘::]“m -0.0257 | -0.0258| -0.23 | -0.0256 | 0.27
8.022 m|3.750 m| ™ F;m:f]”m 0.0898 | 0.0898 | 0.02 | 0.0897 | 0.11

Material stiffness matrix and shear correction factors from ANSYS?

SECTION Henbvane & Bending(ABO] Hatrix

0.179201E417  17743.9 0.107857E-11
17783.9 040465, 0.510656E-10
0.107657E-11  0.510656E-10  61940.4

0.4838190E-08
0.600267E-10
-0.908768E-27

0.833190E-05  0.600267E-10 -0.908768E-27
0.600267E-10  0.426371E-028  0.103308E-24

-0.905765E-27

0.250453

0.103393E-24 -0.116415E-03

0.32037e-17

0.600267E-10 -0.908765E-27
0.426374E-08  0.103399E-24
0.103398E-24 -0.116415E-09

0.105318E+11
0.853629E-+13
0.272731E-08

0.853629E+05  0.272731E-08
0.252406E+10  0.129366E-06
0.129366E-06  0.297314E+09

SECTION Transwerze Shear Covrection Factors

0.135442E-17  0.270064

SECTION Transwerze Shear Stiffness (E]
43358.3 0.113733E-11
0.113783E-11 27,2

Material stiffness matrix and shear correction factos from Axis VM?

Membrane terms

(1792011,06943838, 17733,9274660452, 0)
(17783,9274660452, 940465, 353384554, 0)
(0, 0, 61940,3931515536)
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Bending terms

(10331,8234230298, 85,3628518370171, 0)
(85,3628518370171, 2584,06340652272, 1)
(0, 0, 297,313887127457)

Shear terms*

(10859,0681979786, 0)
(0, 6691,718246181)

Shear correction factors

0,250449727217332
0,270087010499269

: with 50 harmonic terms included
: units in [N] and [mm]

: units in [KN] and [m]

: corrected shear stiffnesses

I
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: plate2.axs

Thema Plate with fixed support and constant distributed load.
Analysis Linear analysis.
Type
Geometry p=25,0 kNIm?
I T T T
4 7
A | 4
w0
t
Z E
<
- ‘ , Tt
| 8,0m :
Top view
(thickness = 15,0 cm)
Loads P=-5kN/m?
Boundary eX=eY =eZ=fiX=1iY =fiZ =0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane
Material E = 990 kN/cm?
Properties | v =0,16
Element Parabolic triangle plate element
types
Mesh
8m
£
L.
Target Maximal eZ (found at Node1) and maximal mx (found at Node2)
Results

Component Nastran® AxisVM %
eZ,max [mm] -1,613 -1,595 -1,12
mx,max [kNm/m] 3,060 3,060 0,00
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: plate3.axs

Thema Annular plate.
Analysis Linear analysis.
Type
Geometry
Top view
(thickness = 22,0 cm)
Loads Edge load: Q =100 KN/ m

Distributed load: g = 100 kN / m?

Boundary Nodal DOF: Plate in X-Y plane
Conditions ?

] R S

3000 74,0000

4,000

L Y O 1 |

9 L]

B o
Material E =880 kN / cm?
Properties | v =0,3
Element Plate element (parabolic quadrilateral, heterosis type)

types
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Mesh

Target

Smax, €max

Results

Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells

Theory AxisVM
Model S Sax %
[kN/cm2] | [kN/cm2]
a.) 2,82 2,78 -1,42
b.) 6,88 6,76 -1,74
c.) 14,22 14,10 -0,84
d.) 1,33 1,33 0,00
e.) 2,35 2,25 -4,26
f.) 9,88 9,88 0,00
g.) 4,79 4,76 -0,63
h.) 7,86 7,86 0,00
Theory AxisVM
Model ©€max ©max %
[mm] [mm]
a.) 77.68 76.16 -1.96
b.) 226.76 220.99 -2.54
c.) 355.17 352.89 -0.64
d.) 23.28 23.45 0.73
e.) 44.26 44.54 0.63
f.) 123.19 123.17 -0.02
g.) 112.14 111.94 -0.18
h.) 126.83 126.81 -0.02
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: plate4.axs

Thema All edges simply supported plate with partial distributed load.
Analysis Linear analysis.
Type
Geometry

£

(]

S

| 5,0 m |
Top view
(thickness = 22,0 cm)

Loads Distributed load: g = -10 kN / m? (middle of the plate at 2,0 x 2,0 m area)

Boundary a.)eX = eY =eZ =0 along all edges (soft support)
Conditions | b.) eX = eY = eZ =0 along all edges ¢ = 0 perpendicular the edges (hard support)
Nodal DOF: Plate in X-Y plane

Material E =880 kN / cm?

Properties | v =0,3

Element Plate element (Heterosis type)
types

Mesh

10000 .

5,000
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Target Mx, max, My, max
Results a.)
Moment Theory AxisVM %
My max [KNM/m] 7,24 7,34 1,38
My, max [KNM/m] 5,32 5,39 1,32
b.)
Moment Theory AxisVM %
My max [KNM/m] 7,24 7,28 0,55
My, max [KNM/m] 5,32 5,35 0,56

Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: plate5.axs

Thema Clamped plate with linear distributed load.
Analysis Linear analysis.
Type
Geometry p l
1 17
A ¥
—
£
Q
S
- h it
| 10,0 m §
Top view

(thickness = 22,0 cm)

Loads Distributed load: q = -10 kN / m?

Boundary eX =eY =eZ=fiX=fiY=fiZ = 0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane

Material E =880 kN / cm?

Properties | v =0,3

Element Plate element (Heterosis type)
types

Mesh

e
=
10,000

M IEIE N B S  R
D0 0 38 30 0 A DD A

] ] o
iy -
j!+++++~++++++i =ANREN R
0 D0 0 9800 0 0 I 00 08 0 O 0

RERSEaE

T
ot )
H
T

S o
SRR R R

10,000
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Target Mx, My
Results
Results Theory AxisVM %
m, 1 [KNm/m] 11,50 11,48 -0,17
m, 4 [KNm/m] 11,50 11,48 -0,17
m, > [KNm/m] 33,40 33,23 -0,51
m, 3 [kNm/m] 17,90 17,83 -0,39
m, 4 [KNm/m] 25,70 25,53 -0,66
Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells
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Software Release Number: X5r1

Date: 07. 11. 2018.

L
bﬂbﬂﬂﬂﬂﬂﬂ!ﬂdﬂﬂﬂ
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PAVAVANANAYAVANAY NNV

Hemisphere (Axonometric view)

=0,04 m

t

Y VAV A AV AV A A ATATS
AHRH IO,

AR ANANAA A AR

File name: hemisphere.axs

Tested by: InterCAD
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Conditions | Symmetry in X-Z plane on A-C edge
Symmetry in Y-Z plane on B-C edge
Material E = 6825 kN / cm?
Properties | v =0,3
Element Shell element
types 1.) guadrilateral parabolic
2.) triangle parabolic
Target exat point A
Results

ex[m] e[%]

Theory 0,185
AxisVM quadrilateral 0,185 0,00
AxisVM triangle 0,182 -1,62
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Nonlinear static

Software Release Number: X4r1
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Date: 07. 11. 2018.
Tested by: InterCAD
File name: nonlin1.axs

Thema 3D beam structure.
Analysis Geometrical nonlinear analysis.
Type
Geometry
el A
p \\ //
X /
E
o
a
m
E / AN
(o
N Rl \%
/4 ) ’% h ) I 1,732m 3,000m 1,732 m
Ve X b
| I
c] ,
5 : \
s/ \
3 / \§
L L.
Loads Py =-300 kN
Pz = -600 kN
Boundary eX=eY=eZ=0atA,B,Cand D
Conditions
Material S 275
Properties | E = 21000 kN / cm?
v=0,3
Cross- HEA 300
Section Ax =112.56 cm?; Ix=85.3 cm*; ly=18268.0 cm*; Iz=6309.6 cm*
Properties
Element Beam
types
Target eX, eY, eZ, at Node1
Nx, Vy, Vz, Tx, My, Mz of Beam1 at Node1
Results Comparison with the results obtained using Nastran V4
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Component Nastran® AxisVM %

eX [mm] 17,898 17,881 -0,09
eY [mm] -75,702 -75,663 -0,05
eZ [mm)] -42,623 -42,597 -0,06

Nx [kN] -283,15 -283,25 0,04
Vy [kN] -28,09 -28,10 0,04
Vx [kN] -106,57 -106,48 -0,08
Tx [kNm] 4,57 4,57 0,00
My [KNm] -519,00 -518,74 -0,05
Mz [kNm] 148,94 148,91 -0,02
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: nonlin2.axs

Thema Plate with fixed end and bending moment.
Analysis Geometrical nonlinear analysis.
Type
Geometry

=

o

gl

=

1
2/ OOO m

Loads Mz = 2600 kNm (2x1300 Nm) acting on Edge2
Boundary eX=eY =eZ=1fiX=fiY =fiZ = 0 along Edge1 (Use Constrained nodes instead of line
Conditions | support; Nodal DOF on Edge 1: Fixed node)
Material E =20000 N / mm?
Properties | v=0
Cross Plate thickness: 150 mm
Section Rib on Edge2: circular D = 500 mm (for distributing load to the mid-side-node)
Properties
Element Parabolic quadrilateral shell (heterosis type)

types

Rib on Edge2 for distributing load to the mid-side-node
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Target

(pz at Edge?2

Results

12,0 m

L X
Theoretical results based on the differential equation of the fiexible beam:
oM »
Iplﬂte’Eplute —>Q,= [&
P. =K ‘gplate PlateEplatg
3 3
1= ﬂ = 1-0.15 =2.8125-10"*
’ 12 12
Eplate =2 1010 N/m2
fplate = 12 m
M =2.6-10° Nm
6
2610712 _ 5 5467 rad

= 58125102107

Comparison the AxisVM result with the theoretical one:

Component Theory AxisVM %
fiZ [rad] 5,5467 5,5502 0,06
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: Plastic_1.axs

Thema Plastic material
Analysis Nonlinear static analysis
Type
Geometry 5 o
?
A
N4
Cross-section: D = 30mm
Loads Axial force at A: N
Solution control: Displacement at A
Boundary eX=eY=eZ=0atB,CandD
Conditions
Material S 235
Properties | E = 21000 kN / cm?
v=0,3
Linear elastic — perfectly plastic material model
Element Truss element
types
Target Check the load — vertical displacement (A) curve
Results o | |
400000
3x10° -
:"sﬁ‘iSi:l )
2107 —
Flu)
1x10° =
¢ 1 1
% 3 10 15
0 :‘Uﬁ&'l:.:)__ll 13
Analytical results: [u;F(U)]
AxisVM: [Axisi 1; AXisio]
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: Plastic_2.axs

Thema Clamped beam with plastic material under cyclic loading
Analysis Nonlinear static analysis
Type
Geometry
\|/Fz
] Nx
A e
) L =100 cm ;
2 A
14,0
, 14,0
Cross-section: Z = 30mm
Loads Nx = 63,333 kN; Fz = 2,666 kN
Solution control: Displacement at B ez = -70 mm
Increment function:
1,5
A
N/
0 40 \ /
-0,5
-1 )4
-1
-1,5
Boundary eX=eY=eZ=fiX=fiY=fiZ=0atA
Conditions
Material Steel oTImme ]
Properties E = 100000 kN/cm?; Er = 1000 kN/cm?; oy = 10 kN/cm? 110,00
v=0,3
Linear elastic —plastic material model 0
Hardening rule: Isotropic hardening 110,00
-2E-3 2E-3
Element Beam element
types
Target Check the load —displacements and beam strains curves
Results AxisVM:

e Beam element

e Rib element (shear deformation is taken into account)
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e ANSYS 14.0 — Beam element (unrestrained warping)

=
=
X
[
—— Axis beam
ANSYS beam
— - = Axis Rib
z
=
N
[T

—— Axis beam
ANSYS beam
— - = Axis Rib

eZ [mm]

Fz [kN]

—— Axis beam
ANSYS beam
— - = Axis Rib

eY [mm]
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—— Axis beam
ANSYS beam
— - = Axis Rib

exx []
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Software Release Number: X5r1

Date: 29. 01. 2018.
Tested by: InterCAD
File name: matnl_01_xx (xx — element type)

Thema Clamped beam with symmetric nonlinear material model
Analysis Nonlinear static analysis
Type
Geometry
z
J/FZ
20 cm /’% y
B 7
- L =200 cm bt
k + 10 cm
Loads Fz =200 kN
Solution control: Force
Increment function: Equal increments
Boundary eX=eY=eZ=fiX=fiY=fiZ=0atA
Conditions
Material Steel — Strain energy based (NLE) olkN/emE ]
Properties Steel — Von Mises (VM) ez 15
Material model function: o = 400 - Ve '
Discrete function assignment per € = 0.001 [] "
v=0,3 ) £l
-52.15
tEIeme/nlz'I Beam/Rib element matnl_01_beam-rib_NLE.axs, matnl_01_beam-rib_VM.axs
es / File
ny:me Plate element matnl_01_plate_NLE.axs, matnl_01_plate_VM.axs

(heterosis type)

Membrane element

matnl_01_membrane_NLE.axs,
matnl_01_membrane_VM.axs

Target

Check vertical displacements (B) and stresses (A)
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Results

Analytical background: Appendix A;

Yield criterion Strain energy Von Mises
based

Type of element es [mm] [%] es [mm] [%]

Analytical 156,4 156,4

Beam 157,98 1,01 147,87 -5,45

Rib 158,48 1,33 148,36 -5,14

Plate TRIA 158,98 1,65 158,68 1,46

Membrane TRIA 158,34 1,24 163,49 4,53

Yield criterion Strain energy Von Mises
based

;ﬁpﬁe‘;‘]‘t oA [kN/cm?] | [%] oA [kN/ecm?] | [%]

Analytical 50 50

Beam 499 -0,20 47,95 -4,10

Rib 499 -0,20 4797 -4,06

Plate TRIA 49,84 -0,32 49,6 -0,80

Membrane

TRIA 49,75 -0,50 48,37 -3,26
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Software Release Number: X4r3

Date: 29. 01. 2018.

Tested by: InterCAD

File name: matnl_02_xx (xx — element type)

Thema Clamped beam with asymmetric nonlinear material model
Analysis Nonlinear static analysis
Type
Geomet
i 20 cm
z F- z
J EC = \\/ 20 cm —=
ﬂA i B y
. L =200 cm . —t
! T 10cm
Loads Fz =1200 N;
Solution control: Force
Increment function: Equal increments

Boundary eX=eY=eZ=fiX=fiY=fiZ=0atA
Conditions
Material Concrete — Bresler-Pister (BP) S[Mimme ]
Properties Other — Strain energy based (NLE) 180

E = 28600 N/mm?2; Er = 0 N/mm?; -5 5944E-4 =

oyt = 1,6 N'mmZ; 6yc = 16 N/mm?Z; 5,5944E-5 [

Cys = 1,2 (Bresler-Pister);

v=0;

18,00
tE'eme/“[t:_l Beam/Rib element matnl_02_beam-rib_NLE.axs, matn|_02_beam-rib_BP.axs
es / File

nye?me Shell element matnl_02_shell_NLE.axs, matnl_02_shell_BP.axs

(heterosis type)
Target Check vertical displacements (B) and stresses (C), length of plastic zone (x)
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Results Analytical background: Appendix A;
Yield criterion Strain energy Bresler Pister
based
Type of element es [mm] [%] es [mm] [%]
Analytical 2,833 2,833
Beam 2,798 -1,24 2,796 -1,31
Rib 2,841 0,28 2,837 0,14
Shell 2,903 2,47 2,792 -1,45
Yield criterion Strain energy Bresler Pister
based
T fel t OC,min % OC,min o
S TR kNem? | L7 kNiem? | [
Analytical 4,98 4,98
Beam 5,03 1,00 5,02 0,8
Rib 4,90 -1,61 4,90 -1,61
Shell 5,01 0,60 4,90 -1,61
3
25
E
E ? s
E - - = Analytical f’f
E 12 . -~
@ Axis beam NLE _...-"'”’
[14]
a — — Auis shell BP =
& -~
-
L
0.5 -
—
-
0 =
0 0.2 0.4 05 0.8
Load parameter
Axis shell NLE model — top and bottom Sxx [N/mm?]
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Cross-section location:

xml= 1,111 =

(1]

—u
v |

1,6097E-4

eeff MinMax [
1,111 m

W T
A

: A
Effective plastic strain of Beam and shell (top) with Bresler-Pister material
Analytical result for x = 1,111 m (plastic zone)
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Software Release Number: X4r3

Date: 29. 01. 2018.

Tested by: InterCAD

File name: matnl_03_xx (xx — element type)

Thema Clamped beam with only compression material model
Analysis Nonlinear static analysis
Type
Geometry
20 cm
Jz - F- z
IC \\/ N
i X ﬁ
o B 20 C”"I Y
: L = 200 cm ; —
. Y 10 cm
Loads Fz =200 N; N =5000 N
Solution control: Force
Increment function: Equal increments
Boundary eX=eY=eZ=fiX=fiY=fiZ=0atA
Conditions
Material Concrete — Bresler-Pister (BP) oNImmE ]
Properties Other — Strain energy based (NLE) —— 0016
E = 28600 N/mm?; Er = 0 N/mm?; e 27l
oy1 = 0,016 N/mm?; 6yc = 16 N/mm2; '
Cys = 1,2 (Bresler-Pister);
v=0;
16,000
F'eme/”é_l Beam/Rib element matnl_03_beam-rib_NLE.axs, matnl_03_beam-rib_BP.axs
es / File
Jbos T | Shell element matnl_03_shell_NLE.axs, matn|_03_shell BP.axs
(heterosis type)
Target Check vertical displacements (B) and stresses (C), length of plastic zone (x)
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Results Analytical background: Appendix A;
Yield criterion Strain energy Bresler Pister
based
Type of element es [mm] [%] es [mm] [%]
Analytical 0,475 0,475
Beam 0,468 -1,90 0,466 -1,97
Rib 0,475 -0,07 0,473 -0,50
Shell 0,484 1,61 0,471 -0,92
Yield criterion Strain energy Bresler Pister
based
T fel t OC,min 0 OC,min 0,
ype of elemen IN/mm?] [%] IN/mm?] [%]
Analytical 1,097 1,097
Beam 1,088 -0,82 1,086 -1,0
Rib 1,067 -2,73 1,066 -2,82
Shell 1,085 -1,09 1,076 -1,97
05
0,45 ,
0.4 r =
' P
'E 0,35 -,
E & -~
= 03 -~
£ 025 — - — Analytical
@ -~ )
& 02 _ »* Axis beam MLE
o -
i% 015 _ - — = Axis shell BP
-
01
L -
0,05 — -
p —
] 0,2 04 08 1
Load parameter
=
= o
=
L LY
[y
o }
'.-‘-.l_
oL -

Axis shell NLE model — top and bottom Sxx [N/mm?]
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Cross-section location:

x[ml= 1,113| =

[1]

= ]
k=] |

2 4286E-5

M

eeff MinMax ]
1,113 m

L "

a1 |

Effective plastic strain of Beam and shell (top) with Bresler-Pister material
Analytical result for x = 1,113 m (plastic zone)
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Software Release Number: X5r2
Date: 24. 06. 2019.

Tested by: InterCAD

File name: push_2D RC_frame.axs

Thema Pushover — 2D frame
Analysis Nonlinear static analysis
Type
Geometry | three bays with 6m width and 4m height
B . X .
Loads 50 kN/m distributed load on the beams
Boundary rigid supports
Conditions
Material C25/30 concrete
Properties
Elements Beam elements: beam section: 30x60 cm rectangular; column section: 60x60 cm square

Plastic hinges at beam ends:

e moment resistance: 360 kNm initially, then 72 kNm
e no hardening, sudden loss of strength
¢ infinite rotation capacity

Pushover hinge function
WkNm] 360.00

72.00

dlrad]

-712.00
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Plastic hinges at column bases:
¢ moment resistance: 800 kNm initially, then 160 kNm
e no hardening, sudden loss of strength
¢ infinite rotation capacity
Pushover hinge function
M[kNm] 800.00
160.00
dirad]
T sooo0 |
TTTTTTT 0000
Target Pushover analysis — 600 mm top displacement
Comparison with SAP 2000 results
Results
—Axis VM 350 increments  ===SAP 2000 Axis VM 70 increments
1200
1000 | - ’L"‘*
_. 800 | /
= ) —
= /
- 600 L e
] i =
2 f |
® 400 + e
2 | ]
2 |
200 ===
[ ——
O FJI T T
0 100 200 300 400 500 600
-200

Displacement [mm)]
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Software Release Number: X5r2
Date: 24. 06. 2019.

Tested by: InterCAD

File name: push_3D RC_frame.axs

Thema Pushover — 3D frame
Analysis Nonlinear static analysis
Type

Geometry | two bays in x (6m and 5m) and three bays in y (5m, 6m and 4m) direction

Loads 25 kN/m distributed load on the beams
Boundary rigid supports

Conditions

Material C25/30 concrete

Properties

Elements Beam elements: beam section: 30x60 cm rectangular; column section: 60x60 cm square

Plastic hinges at beam ends:

e moment resistance: 360 kNm initially, then 72 kNm
¢ no hardening, sudden loss of strength
¢ infinite rotation capacity

Pushover hinge function

M[KNm)] 360.00

7200

lrad]

-712.00

Plastic hinges at column bases:
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o moment resistance: 2500 kNm initially, then 2000 kNm
e no hardening, relaxed loss of strength
¢ infinite rotation capacity
Pushover hinge function
M[KNm] 2500.00
f .
™ 2000.00
#irad]
W\
.
"""""""""""""""""""""" -2500.00
Target Pushover analysis
Comparison with SAP 2000 results
Results —
X direction ~—SAP 2000 — Axis VM
6000
5000 -| /".%
§4ooo i ]_u/.,.»w--
©
@ 3000
w
e /
82000
1000 /|
0 + T T T
0 50 100 150 200 250 300 350 400
Displacement [mm]
Results —
Y direction ~-SAP 2000 —Axis VM
6000
e '
5000 " e
Z 4000 —
1S ” )
5 y
23000 )
[
R ,
8 2000 - 7
1000 |/
0 = T T
0 50 100 150 200 250 300
Displacement [mm)]
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BLANK
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Dynamic

Software Release Number: X5r1
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Date: 08. 11. 2018.
Tested by: InterCAD
File name: dynam1.axs

Thema Deep simply supported beam.
Analysis Vibration analysis.
Type
Geometry
Beam (Axonometric view)
Cross section (square 2,0 m x 2,0 m)

Loads Self-weight

(Other option: Apply Masses only option on Vibration analysis window)
Boundary eX=eY=eZ=fiX=0atA
Conditions |[eY=eZ=0atB
Material E = 20000 kN / cm?
Properties | v=0,3

p =8000kg/ m3
Element Rib elemen: Three node beam element (shear deformation is taken into account)
types
Target First 7 mode shapes

Results
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Mode 1: f=43,16 Hz Mode 2: f=43,16 Hz

Mode 3: f = 124,01 Hz Mode 4: f = 152,50 Hz

Mode 5: f = 152,50 Hz Mode 6: f = 293,55 Hz

Mode 7: f = 293,55 Hz
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Results

Comparison with NAFEMS example

Mode | NAFEMS (Hz) | AxisVM (Hz) %
1 42,65 43,16 -1,20
2 42,65 43,16 -1,20
3 125,00 124,01 0,79
4 148,31 152,50 -2,83
5 148,31 152,50 -2,83
6 284,55 293,55 -3,16
7 284,55 293,55 -3,16
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: dynam2.axs

Thema Clamped thin rhombic plate.
Analysis Vibration analysis.
Type
Geometry
4 E
A |
&
45° S
,\Q"
10,0 m
Top view of plane
(thickness = 5,0 cm)
Loads Self-weight
Boundary eX =eY =fiZ =0 at all nodes (i.e.: €X, eY, fiZ constrained at all nodes; Nodal DOF: Plate
Conditions | in X-Y plane)
eZ =fiX =fiY = 0 along the 4 edges (Line support)
Material E = 20000 kN / cm?
Properties | v =0,3
p =8000 kg / m?
Element Parabolic quadrilateral shell element (heterosis type)
types
Mesh

............

............

............

. 10,000
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Target First 6 mode shapes

Results
Mode 1: f = 8,02 Hz Mode 2: f = 13,02 Hz
Mode 3: f= 18,41 Hz Mode 4: f= 19,33 Hz
Mode 5: f = 24,62 Hz Mode 6: f = 28,24 Hz

Results Comparison with NAFEMS example

Mode | NAFEMS (Hz) AxisVM (Hz) %
1 7,94 8,02 1,01
2 12,84 13,02 1,40
3 17,94 18,41 2,62
4 19,13 19,33 1,05
5 24,01 24,62 2,54
6 27,92 28,24 1,15
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: dynam3.axs

Thema Cantilevered thin square plate.
Analysis Vibration analysis.
Type
Geometry 1
A
=
O-.
=
| 10,0 m |
Top view
(thickness = 5,0 cm)
Loads Self-weight
Boundary eX =eY =eZ =fiX=fiY =fiZ = 0 along y-axis
Conditions
Material E = 20000 kN / cm?
Properties | v =0,3
p =8000 kg / m?
Element Parabolic quadrilateral shell element (heterosis type).
types
Mesh

Clamped [ |
edge |

10,000

10,000
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Target First 5 mode shapes
Results
10300 - 10,000
Mode 1: f=0,42 Hz
10 DO:”-IV - 10,000
Mode 3: f=2,53 Hz
) oo —_ = : 10,000
Mode 5: f= 3,68 Hz
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10,000~ - 10,000

Mode 2: f=1,02 Hz

Mode 4: f= 3,22 Hz

Comparison with NAFEMS example

Mode | NAFEMS (Hz) [ AxisVM (Hz) %
1 0,421 0,420 -0,24
2 1,029 1,020 -0,87
3 2,580 2,530 -1,94
4 3,310 3,220 2,72
5 3,750 3,680 -1,87
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Software Release Number: X5r1
Date: 07. 11. 2018.
Tested by: InterCAD
File name: dynam4.axs
Thema Cantilevered tapered membrane.
Analysis Vibration analysis.
Type
Geometry
=
|2
Y I 1
l_x i 10,0 m E
Side view
(thickness = 10,0 cm)
Loads Self-weight
Boundary Edge 1: Nodal DOF: Fixed node
Conditions | Other nodes: DOF: (ff C C C C) (f: free; C: constrained)
Material E = 20000 kN / cm?
Properties | v=0,3
p =8000 kg / m3
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh

5,000

10,000
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Target First 4 mode shapes
Results
. 1,000
5,00
10,000
l\x

5,000

Mode 1: f=44,50 Hz

10,000

Mode 2: f = 128,60 Hz
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5,000
1,000

10,000
L,
Mode 3: f=162,48 Hz
o
S
wn
10,000
L,

Mode 4: f = 241,46 Hz

Results

Comparison with NAFEMS example

Mode | NAFEMS (Hz) AxisVM (Hz) %
1 44,62 44,50 -0,27
2 130,03 128,60 -1,10
3 162,70 162,48 -0,14
4 246,05 241,46 -1,87

Software Release Number: R3
Software Release Number: X4r1
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Date: 07. 11. 2018.
Tested by: InterCAD
File name: dynamb5.axs

Thema Flat grillages.
Analysis Vibration analysis.
Type
Geometry
e = =]
E i
R = S
. |
v -
[ b o
l—x ro15m 15m 15m 1 10m 05m |
Top view
Loads Self-weight
Boundary eX = eY = eZ =0 at the ends (simple supported beams)
Conditions | Nodal DOF: Grillage in X-Y plane
Material E = 20000 kN / cm?
Properties | G = 7690 kN / cm?
v=0,3
p=7860kg/m?
Cross A =0,004 m?
Section Ix =2,5E-5 m*
ly =1z =1,25E-5 m*
Element Rib element: Three node beam element (shear deformation is taken into account)
types
Mesh

1,000 0,500 4,500

1,000

2,000

1,500 1,500 1,500 1,000 0,500
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Target

First 3 mode shapes

Results

Mode 1: f=16,90 Hz

Mode 2: f = 20,64 Hz

Mode 3: f=51,76 Hz
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Mode Reference AxisVM (Hz) %
1 16,85 16,90 0,30
2 20,21 20,64 2,13
3 53,30 51,76 -2,89
Reference:

C.T.F. ROSS: Finite Element Methods In Engineering Science
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BLANK
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Stability

Software Release Number: X5r1
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Date: 08. 11. 2018.
Tested by: InterCAD
File name: buckling1.axs

Thema Simply supported beam.
Analysis Buckling analysis.
Type
Geometry
M A M E
| 1
: L=20m !
Front view
!‘..
D.
e
3\“'
Cross section(l2=168,3 cm*, 11=12,18 cm*, lw=16667 cm°®)
Loads Bending moment at both ends of beam
Ma= 1,0 kNm, Ms = -1,0 kNm (Moments are applied as surface edge loads)
Boundary eX=eY=eZ=0atA
Conditions |eX=eY=eZ=0atB
kz=kw =1
Material E = 20600 kN / cm?
Properties | v =0,3
Element Parabolic quadrilateral shell element (heterosis type)
types

Mesh
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Target Mecr= ? (for lateral torsional buckling)

Results

.
‘J
.

Analytical solution

- r 1, =n°-E-I,

vy T EI, \/1_W+ r’-G-1I,

or 2002

AxisVM result
Mer = 125,3 kNm

Difference

+0,6%

_ 20600 -168,3 16667 N 2007 -7923 -12,18
168,3 7% -20600 -168,3

=12451 kNecm=124,51 kNm
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: buckling2.axs

Thema Simply supported beam.
Analysis Buckling analysis.
Type
Geometry
[A1] 8l /E
? ?
| |
0,300 : 0,400 : 0,300
Front view (L = 1,0 m)
) 30,0
L, 3
L, |
Section A1 Section Az
Cross-sections
Loads P =-1,0 kN at point B.
Boundary eX=eY=eZ=0atA
Conditions | eY=eZ=0atB
Material E = 20000 kN / cm?
Properties | v =0,3
Element Beam element
types
Target Per= ? (for inplane buckling)
Results

Theory AxisVM e [%]
Per [kN] 3,340 3,337 -0,09
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Design

Software Release Number: X5r1




AxisVM X5 Verification Examples

74

Date: 08. 11. 2018.
Tested by: InterCAD
File name: RC column1.axs

Thema N-M interaction curve of cross-section (EN 1992-1-1:2004).
Analysis Linear static analysis+design.
Type
Geometry =
2¢20 |
3928 s
Section: 300x400 mm
Covering: 40 mm
Loads Arbitrary.
Boundary | Arbitrary.
Conditions
Material Concrete:
Properties fea=14,2 N/mm?
ec1=0,002 ec=0,0035 (parabola-constans c-¢ diagram)
Steel:
fsa=348 N/mm?
esui=0,015
Target Compare the program results with with hand calculation at keypoints of M-N interaction
curve.
Results N 4
1
2
6
s~ 3 "
4
N [kN] M [kNm] N AxisVM M(N) AxisVM e %
1 -2561 +61 -2566,5 +61,4 +0,7
2 -1221 +211 -1200 +209,7 -0,6
3 0 +70 +70,5 +0,7
4 +861 -61 866,5 -61,4 +0,7
5 0 -190 -191,2 +0,6
6 -362 -211 -350 -209,7 -0,6

Reference: Dr. Kollar L. P., Vasbetonszerkezetek |. Milegyetemi kiadé
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Software Release Number:; X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: RCbeam.axs

Thema RC beam deflection according to EC2, EN 1992-1-1:2010.
Analysis Materially nonlinear analysis.
Type
Geometry

g =17 kN/m

L=560m

Side view

[ ) [ 2¢20
35c covering = 3 cm
Bp=0.5
o000 4620
—>
25 cm
Section
Loads q = 17 kN /m distributed load
Boundary Simply supported beam.
Conditions
Material Concrete: C25/30, ¢ =2.1
Properties | Steel: B500B
€=0.4%o shrinkage strain

Element Simple 12DOF beam elements (Euler-Bernoulli beam)
types

Target

€z, max
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Results
without
shrinkage
Diagram e:
Hand calculation by integration of k diagram:
M 2
K=¢ Kk, +(1-¢)x; & =1—ﬂ-( Alcr)
e=19.33mm
where,
Ki is the curvature which was calculated based on uncracked section
Kil is the curvature which was calculated based on cracked section
Calculation with AxisVM:
e = 19.7 mm (difference ~ 2%)
Results
with Hand calculation by integration of k« diagram:
shrinkage

2
K=¢ -k, +(1-4) K, gzl_ﬂ'(Mch

M
e=23.02mm
where,
ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section

Calculation with AxisVM:

e = 23.7 mm (difference ~ 3%)
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: RC_Slab_1.axs

Thema RC one-way slab deflection according to EC2, EN 1992-1-1:2010.
Analysis Materially nonlinear analysis.
Type
Geometry
g =17 kN/m

L=5.60m
Side view
Section:
25 cm I I 21 cm
' 15m '
As = $16/200
B=0.5
Loads g = 17 kN /m distributed load
Boundary Simply supported one-way slab.
Conditions
Material Concrete: C25/30, ¢=2.1,v=0.0

Properties | Steel: B500B
€=0.4%o shrinkage strain

Element triangle shell elements
types

Ta rg et €z, max
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Results -
without
shrinkage
% NL behaviour in e-N + k-M
NL behaviour in k-M only
Diagram e:
Hand calculation by integration of k diagram:
M 2

K=¢ Kk, +(1-¢)x; & zl_ﬂ'( Alcr)

e=37.43mm

where,

Ki is the curvature which was calculated based on uncracked section
Kil is the curvature which was calculated based on cracked section

Calculation with AxisVM:

e =38.49 mm (NL &-N + k-M) (difference ~ +3%)

e = 38.49 mm (NL k-M) (difference ~ +3%)
Results -
with Hand calculation by integration of k diagram:
shrinkage

M 2
= 1— . =1-0- cr
Kk=¢ -k, +(1-¢)-x, & ﬂ(MJ
e=44.43mm
where,

ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section

Calculation with AxisVM:

e =46.91 mm (NL &-N + k-M) (difference ~ +5%)
e =46.79 mm (NL k-M) (difference ~ +5%)
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Software Release Number: X5r31

Date: 08. 11. 2018.

Tested by: InterCAD

File name: RCcolumn.axs. RCLcolumn.axs

Thema Nonlinear analysis of RC columns according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically nonlinear analysis.
Type
Geometry
[
L

| /R

| [

'i L

I 400 =

£ 45 310 )

| L

' 2 ° @ | "o ~

: . . ~ - |41 41

l';‘:;‘u [ ] ®
+ 5412
g o F
° ®| I

Loads Concentrated force on the top
Boundary Cantilever
Conditions
Material Concrete: C25/30, ¢=2,0
Properties | Steel: B500B
Element Simple 12DOF beam elements (Euler-Bernoulli beam)
types

Target

€z, max
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Results

=
2
=
3

05

o

150

Top displacement [mm]

200

OpenSees Fiber Madel

RS\ XARS

250

—— OpensSees Fiber Model
— AxisVM X4R3

0.03

Load multiplier

0.01

0 50 100 150 200 250
Longitudinal top displacement [mm]

0.06

0.05
——— Opensees Fiber Model

AxisVM X4R3

Load multiplier

0.02

o 20 40 60 80 100 120 140
Perpendicular top displacement [mm]
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: RCcolumn2.axs

Thema Axially loaded RC column check according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.
Type
Geometry L I
Eurocode
C30/37
Cross-section 40x40
= Ab [em?] = 1600.00
- B500B
AsfAb [%] = 2.45
Stirrup
=w [mm] = 200
Buckling length
By, = 1.540%L
B,, = 1.000%L
L[m]l= 3.000
: 48.00
Linear analysis m
Code EUrocode ‘Code [ Eurocode
Case :5T1 Case :5T1
E (W) :6.52E-14 E(W) :6.52E-14
E (Eq) :4.44E-16 E(Eq) : 4.44E-16
Comp. : Nx [kN] Comp. : My [kNm]
-2720.00
@ 56.00) 4
Loads Concentrated force Nes = 2720 kN
Bending moments:
at the top Myed = 48 kNm
at the bottom Myed = 66 KNm
Material Concrete: C30/37, ¢=2,0
Properties | Steel: B500B
Element Simple 12DOF beam elements (Euler-Bernoulli beam)
types
Target Calculate eccentricities according to EN 1992-1
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Results
[cm] Hand calculation AxisVM
| eo] ei ez etot | eo] ei e2 et | €%
X-Z Bottom 1.16 | 2.73 6.31 1.16 | 2.73 6.31 0
plane
Middle 0.97 0** 0** 2* 0.97 0** 0** 2* 0
I Top 1.76 1.16 | 2.73 5.65 1.76 1.16 | 2.73 5.65 0
X-y Bottom 0 0.38 | 0.36 2 0 0.38 | 0.36 2* 0
plane
Middle 0 0.38 | 0.36 2 0 0.38 | 0.36 2* 0
| Top 0 0.38 | 0.36 2* 0 0.38 | 0.36 2* 0
* due to minimal eccentricity requirement
** due to the buckling
N [kM]
A

(x]

Eurocode
C30/37
Cross-section 40x40
Ab [emZ] = 1600.00
B500B
Reinforcement oszlop
As/Ab [%] = 2.45
Stirrup
=w [mm] = 200 f
Buckling length
By, = 1.540%L
B,, = 0.500%L
L[ml= 3.000

M, [kNm]

M, [KNm]
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

File name: Rccolumn3.axs

Thema Axially loaded RC column check according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.

Type

Geometry

5.0

Eurocode

C30/37
Cross-section 40x40
Ab [cmZ] = 1600.00

40.0

B500B
Reinforcement oszlop
As/Ab [%] = 1.84
Stirrup
sw [mm] = 200

Buckling length
B,, = 1.000%L
B,, = 2.000%L
L[m]= 3.000

AI /|IV
40.0
y

L

Linear analysis Linear analysis
Code [ Eurocode Code [ Eurccode
Csse :5TL Case @ ST

E(P) :6.42E-14 |
E(P) :6.52E-14 E(W) :6.42E-14

E (W) :6.52E-14 E(Eq) : 4.44E-16
E (Eq) : 4.44E-16 Comp. : Mz [kNm]
Comp. : Nx [kN]

-2720.00 40.00
-9 -
Loads Concentrated force Neq = 2720 kN

Bending moments:
at the top Mzeq = 40 kNm
at the bottom Mzed = 40 kNm

Material Concrete: C30/37, ¢=2,0
Properties | Steel: B500B

Element Simple 12DOF beam elements (Euler-Bernoulli beam)
types

Target Calculate eccentricities according to MSZ EN 1992-1
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Results
[cm] Hand calculation AxisVM
| eo] ei ez etot | eo] ei e2 et | €%
X-Z Bottom 0 0.75 0** 2* 0 0.75 o** 2* 0
plane
I Middle 0 0.75 | 1.21 2 0 0.75 | 1.21 2* 0
I Top 0 0.75 0** 2* 0 0.75 0** 2* 0
X-y Bottom 1.47 15 | 435 | 7.32 1.47 15 | 4.35 7.32 0
plane
Middle 147 | 0.75 | 3.07 | 5.29 147 | 0.75 | 3.08 5.3 ~0
I ‘ Top 1.47 0** 0** 2* 1.47 0** o** 2* 0

* due to minimal eccentricity requirement

** due to the buckling

x]

Eurocode
C30/37
Cross-section 40x40
Ab [emZ] = 1600.00
B500B
Reinforcement oszlop
As/Ab [%] = 1.84
Stirrup
sw [mm] = 200
Buckling length
Byy = 1.0007L
B,, = 2.000%L

3.000

L[m]=

M, [kNm]

N [k

M, [kNm
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Software Release Number: X5r1
Date: 09. 11. 2018.

Tested by: InterCAD

File name: RCcolumnVT.axs

Thema Shear and torsion check of RC column according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.
Type
Geometry
Loads Ned = 1000 kN
Vzeq= 100 kN
Txea=60 KNm
Properties | Concrete: C25/30
Steel: B500B
As1 = As2 =4 ®16
Asw = ®10/125
¢ =30 mm
0 =45°
Element Simple 12DOF beam elements (Euler-Bernoulli beam)
types

Target

Shear and torsion check
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Results

Vg, =253.6kN

100.0kN

Hand AxisVM €%
calculation
xz VRde [kN] 209.7 209.7 0
plane VRd,s [KN] 253.3 253.6 <1
VRd,max [KN] 1010 1011 <1
Tra,c [KNm] 38.6 38.6 0
TRd,max [KNmM] 175.7 175.7 0
Kt [] 0.817 0.817 0
Ast [mm?] 780 780 0
1.0
Eurocode-H
Eset ¢ linedris, ST1
foe = 1.000
C25/30
Keresztmetszet 40x60
Ab [em®] = 2400.00
B500B
Vasalas fffff
As{Ab [%] = 1.05
Kihasznaltsag(\V-T)
ey = 0
Myy = 0.394
Mz = 0.354
Myver = 2.151
erVVZ-T max = 0.440
’T‘mB\. = 2.151
Figyélmeztetés
max. A, = 7.80om?
-60.0kNm 0.817 215 7.80cm?
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: beam2.axs

Thema Required steel reinforcement of RC plate according to EC2, EN 1992-1-1:2004.
Analysis Linear analysis.
Type
Geometry
4,0
-Lx
Side view
/AS
/ _Ja=s3mm!"
H=300 mm
b=1000 mm
Cross-section
Loads Pz =-50 kN point load
Boundary Clamped cantilever plate. Fix line support on clamped edge.
Conditions | Nodal DOF: Plate in X-Y plane
Material Concrete: C25/30
Properties | Steel: B500A
Element Parabolic quadrilateral plate element (heterosis type)
types
Mesh
4,0
o
-
Clamped
edge | 4, | | 0 ]

Top view
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Target

Axt steel reinforcement along x direction at the top of the support

Results

Clamped
edge [ST1, axf: 2093 mm2/m|
YJ/X
Diagram Axr
Calculation according to EC2:
fcd:12—5:16,6 N/mm’ fyd:%=435 N/mm’

&

c-&,-E;  085-0,0035 - 20000
o Eg+ foy  0,0035 -20000 + 435

Eo= =0,54

d =300 - 53 =247 mm

M, =M, =b-x, 'fcd(d—xz"j=200 kNm  x, :{

439> 1h
55

= iR =022 <&, =0,54 Steel reinforcement is yielding

X,
=y T

g = brXe S 5510001166 ey o
fod 435

Calculation with AxisVM:

Axt = 2093 mm* /m

Different = -0,3 %
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Software Release Number: X5r1
Date: 08. 11. 2018.
Tested by: InterCAD
File name: 3_10 Plastic biaxial bending interaction.axs
Thema Interaction check of simply supported beam under biaxial bending (EN 1993-1-1).
Analysis Steel Design
Type
Geometry Jz
z
1 devsessdaiiiiiin
X o 2
A L B
Qy
SR R A P Y NS TN FYY
X A B
A L B
) 13,5
t 0,7 5
: = :
_— 2 ES""IC’
h =270 mm
b=135mm
tr=10 mm
tw =7 mm
[ =6000 mm
E """""""""""""""""""""""""""""""""" A = 45,95 cm?
Wy,pl = 484,1 Cm3
Wzpi =97 cm?
Moo 5
IPE270 cross section
Loads qy = 1,5 kN/m
gz = 20,4 kN/m
Boundary eX=eY=eZ=0atA
Conditions | eY=eZ=0atB
Material S 235
Properties | E = 21000 kN/cm?
v=0,3

Element

Beam element
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types

Target Interaction check taking into account plastic resistances

Results Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Veréci, B., Vigh, L. G.: “Acélszerkezetek méretezése az

Eurocode 3 alapjan, Gyakorlati itmutatd” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartdszerkezeti tagozata, Budapest, 2009.

Exercise 3.10., page 28.

Anaitical AxisVM e[%]
My,ed [KNm] 91,8 91,8 -
Mzed [KNm] 6,75 6,75 -
Mopl.y.rd [kKNm] 113,74 114,57 +0,07
Mpl.zRd [KNm] 22,78 22,78 +0,00
a 2 2 -
B 1 1 -
capacity ratio [-] 0,948 0,938 -1.05
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Software Release Number: X5r1

Date: 07. 11. 2018.

Tested by: InterCAD

File name: 3_12 MNV_Interaction.axs

Thema Interaction check of simply supported beam under normal force, bending and shear force.
(EN 1993-1-1, EN 1993-1-5)
Analysis Steel Design
Type
Geometry
Z F- F-
Lx | | N
h =200 mm
b =200 mm
tr=15mm
ol o tw =9 mm
ol T | = 1400 mm
A =781cm?
Av = 24,83 cm?
ly = 5696 cm?
Wy.pi= 643 cm?
, g 200,0 ‘
IPE270 cross section
Loads Fz =300 kN at thirds of beam
N =500 kN at B
Boundary eX=eY=eZ=fiX=0atA
Conditions | eY=eZ=1fiX=0atB
Material S 235
Properties | E = 21000 kN/cm?
v=0,3
Element Beam element
types
Target Interaction check of axial force, shear force and bending moment.
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Results

Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati itmutatd” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.

Exercise 3.12., page 31-33.

Analﬁical AxisVM e[%]
solution results
Ned [kN] 500 500 -
Vzed [KN] 300 300 -
My.ed [KNm] 140 140 -
Pure compression
Npird [KN] 2148 2147.,6 -0,02-
capacity ratio [-] 0,233 0,233 -
Pure shear
VpizRd [KN] 394,2 394,5 +0,08
capacity ratio [-] 0,761 0,761 -
Pure bending
Mpty.Rd [KNmM] 176,8 178,4 +0,9
capacity ratio [-] 0,792 0,792 -
Interaction check
p 0,273 0,271 -0,73
Mv,rd [KNm] 163,96 165,57 +0,98
n 0,233 0,233 -
a 0,232 0,232 -
Mnv,rd [KNmM] 142,2 143,67 +1,03
capacity ratio [-] 0,985 0,974 -1.1
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Software Release Number: X5r1
Date: 07. 11. 2018.
Tested by: InterCAD
File name: 3_15 Kézpontosan nyomott rud - | szelvény.axs
Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
N
v
A Ao o<]
=
£
)
o
0
v
1
O
3x
h =300 mm
b =250 mm
tr=14 mm
o tw =8 mm
[w]
« | = 4500 mm
A =94 cm?
ly = 19065,8cm*
Iz= 3647,1 cm*
iy=14,1 cm
iz= 6,2 cm
L 8,0 L
. 250,0 .
“I” cross section, symmetric about y and z axis
Loads Normal force at point A
Na=-1,0 kN
Boundary eY=0atA
Conditions | eX=eY=eZ=fiX=fiZ=0atB
kz=kw =1
Material S 235
Properties | E = 21000 kN / cm?
v=0,3
Element Beam element
types
Target Buckling resistance Norda= ?
Results Analytical solution in the following book:
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Dunai, L., Horvath, L., Kovacs, N., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati itmutatd” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.

Exercise 3.15., P. 37-39.

gl AxisVM e[%]
solution
A, 1 0,673 0,673 -
A, [ 0,771 0,769 -0,26
Xy [] 0,8004 0,7989 0,19
Xz [] 0,6810 0,6815 +0,07
Nb,ra [kN] 1504,3 1505,3 +0,07
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Software Release Number: X5r1

Date: 08. 11. 2018.

Tested by: InterCAD

File name: 3_21 Kbézpontosan nyomott rud - T szelvény.axs

Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
N
v
v A o
=
S
o
o
o
™
I
h =180 mm
b =250 mm
tr=16 mm
tw =16 mm
[ =3000 mm
A = 68,8 cm?
ly = 2394,25cm*
Iz=2089,48 cm*
les= 58,71 cm*
lw=1108,0 cm®
iy=5,90 cm
iz=5,51 cm
b R SRR R LR R LR EE bR S
At
16,0
Welded “T” section, symmetric to z but not y
Loads Normal force at point A
Na= -1,0 kN
Boundary eZ=eY=0atA
Conditions | eX=eY=eZ=fiX=0atB
kz=kw =1
Material S 235
Properties | E = 21000 kN/cm?
v=0,3
Element Beam element
types
Target Buckling resistance Npra = ?
Results Analytical solution in the following book:
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Dunai, L., Horvath, L., Kovacs, N., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati itmutatd” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.
Exercise 3.21., P. 47-49.
Analltllcal AxisVM e[%]
solution
Zs[cm] 49,0 49,0 -
zw[cm] 4,10 4,04 -1,46
iw [cm] * 9,05 9,03 -0,22
A, [ 0,542 0,542 -
Xy [] 0,8204 0,8195 -0,11
Nb,rd,1 [KN] 1326,4 1325,0 -0,11
A 17 0,667 0,667 -
Xt [-] 0,7432 0,7446 +0,19
Nb,rd,2 [KN] 1201,6 1203,9 +0,19
* hidden partial results, Axis does not show them among the steel design results
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Software Release Number: X5r1
Date: 08. 11. 2018.
Tested by: InterCAD
File name: Kiilpontosan nyomott rid - RHS szelvény.axs
Topic Buckling of a hollow cross-section beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
v Meq Meq
Y (N Neq
X oA 5
A B
« L »
h =150 mm
b =100 mm
tr=10 mm
tw =10 mm
L =4,000m
E A = 43,41 cm?
ly =1209,8 cm*
Iz= 635,7 cm*
iy=52,8 mm
iz= 38,3 mm
Wel,y =161 ,3 Cm3
Wel,z = 127,1 Cr\']3
Wpl,y = 205,6 cm?
Woiz = 154,6 cm?®
RHS 150x100x10,0 cross section (hot rolled)
Loads Bending moment at both ends of beam and axial force
Ned.c =200 kN
Meda = Meas = 20 kNm
Boundary eX =eY =eZ =0, warping free at A
Conditions | eY =eZ =0, warping free at B
Material S 275
Properties | E = 21000 kN / cm?
v=0,3
Element Beam element
types
Steel Buckling length:
Design Ly=L
Parameters | Lz=1L
Lw=L

Target

Check for interaction of compression and bending.
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Results Analytical solution:
Section class: 1.

Compression — flexural buckling

2
n“Ely 72221000 -1209.8

Nepy = ~1567.2 kN
y
Kyl 4007
2 2
n“EI, n° 21000 635,7
Nerz = - = SBS N
KzL 400

Ny g =A-fy 4341275 =11938 kN
_ Noi 1193,8
Ly = - ~0,8728
Ney  V1567.16
Not [11938
B 2 1m0
Nep V82348

imperfection factor based on buckling curve “a@” (hot rolled RHS section):

>|
N
I

ay =oa; =021

l+a-(1-02)+ 72
¢:
2
|

2y =0,7516

75 =0,5275

Zy Afy 05275 43,41 cm? -27,5 KN/em

N =
b,Rd 7 1.0

Bending — lateral torsional buckling
Woiy fy 2056 cm® -27,5 kN/em?

= 629,72 kN > NEd,x =200 kN

M, =977,41 KNm

_ Wy fy 2056 cm® - 27,5 kN/em
P - = 0,2405
Me; 977.41 KNm

M = =56,54 kNm > M =10 kKNm
pLRd,y g L0 Ed
C =100k —ky =l
2
2EL (K, ) 1, &)2GI,
Mep =Cp ——% | == | o+ —5——=
(kL) kW IZ n E IZ
KN KN
72 21000 — . 635,7cm” s (400 cm)” 8077 -1436,2cm”
cm?2 766 cm cm?2
M =10 . . o
(400 cm) 635,7 cm 72 21000 — . 6357 cm™
cm
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ZLT > 0,2 > torsional buckling may occur

= = 2
l+va, (A -02)+7
o LT LT2 LT _ 443
) 1
I = -~ 096
P+ \V " - AT
M = 0,9684 - 56,54k Nm = 54,76k Nm

b,Rd LT " pl Rd,y

Interaction of bending and buckling
Npy =A-fy =434l em® 27,5 kN/em” =1193,8 kN

M = 56,54kNm

yRk “MpLRrdy
Equivalent uniform moment factors according to EN 1993-1-1 Annex B, Table B.3.:
¢=1,0
Cry =06+04¢=10>04

For members susceptible to torsional deformations the interaction factors may be
calculated according to EN 1993-1-1 Annex B, Table B.2.:

N N
- Ed Ed
Kyy= Crmy {1 +(pr -02) —} <Cpny {Ho,s —}

Zy Npi/7mi Zy Npe /7M1
200 200
kyy =10 41+ (087 -02)- <1041+08-
07531 - 119378 /1.0 07531 - 119378 /1.0

kyy =min (1,149 ;1,178) =1,149

01-14 N
Ky =117 ¢ 2025' .
mLT ~ 7 Az

0,1 NE4 x
> J1-

C

NRrk /7M1 mr ~ %% 2 Np/7wv

0,1 200

. 0,1 -1,2040 200 g
“ 1,0-0,25 0,5275 - 193,78 /1,0 1,0-0,25 0,5275 - 1193,78 /1,0
k5 = max (0,9490 ;0,9577) =0,9577

zy
Ngg My,Ed
*Kyy =
Xy Nrk '"m1 Xy My R 7M1
200 20
49— — 06426
0,7516 -1193,78 0,9684 - 56,54
Ngg My,Ed 3
+ka =
2z Nri /7M1 My Rk /7M1
200 20
T 09577 ——————— 06674
0,5275 - 1193,78 0,9684 - 56,54

}

Analytical solution AxisVM e [%]
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Nrk = Npira [kN] 1193,8 1193,9 -
A1 0,873 0,870 -0,34
1. [ 1,204 1,201 0,25
Xy [] 0,7516 0,7513 -0,04
Xz [ 0,5275 0,5271 -0,08
Nb,rd [kN] 629,7 629,23 -0,10
McRd = Mpi,rd [KNm] 56,54 56,54 -
C1 1,000 1,000 -
Mer [kNm] 977,41 989,66 +1,25
A1 0,2405 0,2405 -
Xur [] 0,9684 1,000 -
Mb,rd [kNm] 54,76 56,54 +3,25
Cry[] 1,0 1,0 -
kyy [-] 1,149 1,150 +0,087
Kay [-] 0,9577 0,69 27,95
Interaction capacity ratio 1 [-] 0,643 0,643 -
Interaction capacity ratio 2 [-] 0,667 0,667 -
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Software Release Number: X5r1
Date: 09. 11. 2018.
Tested by: InterCAD
File name: 3_26 Kilpontosan nyomott rad - | szelvény.axs
Thema Lateral torsional buckling of a beam (EN 1993-1-1).
Analysis Steel Design
Type
Geomet
i o z
7 T
YV V¥V ¥ Y V¥ ¥YY Y Y Y Y Y Y Y VYYY Nx -1
-« —»Y
X e —
A B
+ L >
b/
X N
P
— h =171 mm
o] b = 180 mm
tr=6 mm
tw = 9,5 mm
L =4,000m
A = 45,26 cm?
= al ly =2510,7 cm*
T lz=924,6 cm*
iy=74 mm
iz=45 mm
Wel,y = 293,7 cm3
Wel,z = 102,7 cm?
4 Wpl,y = 324,9 cm?
s,‘..qzs:__ . ‘ WpI,Z = 156,5 Cm3
6 lw = 58932 cm®
* 180 #* lt=15 cm*
HEA180
Loads Axial force at B: Nx =-280 kN
Point load in y direction at the thirds of the beam: Fy =5 kN
Distributed load in z direction: gz = 4,5 kNm
Boundary eX = eY =eZ =0, warping free at A
Conditions | eY =eZ = 0, warping free at B
Material S 235
Properties | E = 21000 kN / cm?
v=0,3
Element Beam element
types
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Steel The elastic critical load factor is:
Design Ocr = 4,28
Parameters | As aor = 4,28 <15 - Il. order analysis is required.
For this, the beam element needs to be meshed. Divison of the beam element into 4.
Buckling length:
Ly =L
L=L
LT buckling length:
Lw=1L
Target Buckling check for interaction of axial force and bi-axial bending.
Results

Internal forces from the second order analysis

Nx [kIN] Wz [kM] Wy [kM]
0.235 5063 9.563 5630 G573
“| Toeoe-5108  -0.241 © 6510 5624
-279.953 -279.994
T [kNm] My [kMm] Mz [kMm]
: 8.876
6.5
0.060 0.043 0.014 001 0.0
-0.00z2 z
-7.3
-9.814
Kereszimetszeti hely Nemlinedris - ST1[2] Anyag 5235
= 1.000 E [N/mm?2] 210000
x[mp= 0 )]
®m] = 0 Szelvény HE 180 A
Ao [mm?] 4525.04
I [kM] = -279.953 Ay [mm2] 3086.24 | ——=
Wy [kM] = -6.519 Az [mm?2] 994.54
1] Wz [kN] = -9.500 I [mm?] 1497527
Te[kMNm] = 0.060 Iy [mm*] 25E+07 | &
My [kMm] = 0 Iz [mm*] 92461420
Mz[kMm] = 0.001
Osszhossz 4.000 m

Neax = 280 kN

Medy = 9,81 KNm Med- = 8,88 KNm  Vedqy =6,52 KN VEq:= 9,61 kN
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Analytical solution:
Section class: 1.

Normal force

2
7°Ely 2221000 -2510.7
Nery = - ~32523 kN
YKL 400
22 El, 2721000 -924,6
Nepg = - ~1197,7 kN
7 K, L 400
Ny ra =A-fy =4526-23,5 =1063.6 kN
_ Not [1063.6
7 - - = 0,5719
Yo\ Nepy V32523
— [ Np1 10636
7= - —0,9424
z N 1197,7

Crz >

based on buckling curve “b” in y direction and “c” in z direction:

Zy =0.8508
7, =05741
Xy Afy 08508 - 4526cm > - 23,5kN/cm 2
N - = —904,92 KN >N, . = 280 kN
bst>1 Ed,X
"1 1,0
2z Afy 05741 -4526cm 2 - 23,5kN/em 2
Ny Rd2 = = = 610,62 KN>Npy | = 280 kN
71 1,0
Bending
Woiy Ty 3249 em® -23.5 kiN/em?
M pdy = - ~76,35 KNm > Mgy | =981 KNm
pPLRd,y 7 1,0 Y
Woiz fy 1565 cm® -23,5 kN/em?
Mpira, = 0" - =36.78 KNm >Mp, , =8.88 kNm
1 s

Calculation of the critical moment:

C,;=LI32  (due to the My moment diagram)

2 ) 2
el (K, )1 6076

«? |(kw) 1, «°EL,

M¢r =€

2 4

22 21000 KN/em? - 924,6 cm” 58932 cm® (400 cm)? 8077 kN/em? - 15 cm
(400 cm) 9246 cm” w2 -21000 KN/em? - 9246 cm”*

Mgy = 1,132

Mg, = 174,1 KNm

For rolled section, the following procedure may be used to determine the reduction
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factor (EN 1993-1-1,Paragraph 6.3.2.3.):

Wy fy B \/324,9 cm3 =235 kN/cm2

Aip = = 0,6622
LTy M, 174,10 KNm
- ~ 2
1+a, (A, . -04)+075 7

jo e LT _ 7000

2

1

= 0,881

LT = —
p+9% 075 21"

M =g M — 0,8881 - 76,35k Nm = 67,81kN
b,Rd ALT M i Ra,y T IO NI = DO

Interaction of axial force and bi-axial bending

Ngk :Npl,Rd =1063,6 kN
My,Rk :Mpl,Rd,y =76,35 kNm
MZ,Rk :Mpl,Rd,Z = 36,78 kNm

Equivalent uniform moment factors according to EN 1993-1-1 Annex B, Table B.3.:

v =0,a=0 in both directions
=C =095 + 0,05 =0,95 (distributed load)
mLT

my
Cpy =090 +0,10=0,90 (concentrated load)
N N
Kooz Coy 14(Z7 -02)— 20X Lo )y g B4X
Yy my y No. / my No
Zy NRk'"M1 Zy Nri/7mi1

280 280
Kyy =095 11+(0,5719 -02) - <095-{1+08-
0,8508 - 1063,6 /1,0 0,8508 - 1063,6 /1,0

kyy =min (1,0593 ;1,1851) =1,0593

0.1-4 NEg x 0.1 NEd,x

z
Ky =91-¢ 0.25 SRR 025
miT ~ % X NRe/7mi mlT ~ = X

Nrk /7M1

e ) 010942 280 oo 280
4 0,95-0,25 0,5741 - 1063,6 /1,0 | 0,95-0,25 05741 - 1063,6 /1,0

k zy =Max (0,9383 ; 0,9345) =0,9383
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N N
_ Ed Ed
k,=C 41+Q-1 -06) ————1<C {l+14—"
280 280
k,, =090 {1+ (20,9424 - 0,6) <0,9041+1,4
0,5741 - 1063,6 /1,0 0,5741 - 1063,6 /1,0
k., =min (1,4303 ;1,478) =14303

k yz = 0,6 k o 0,8582

X2 NR/7m1

NEd x My Ed M, Ed
— %k +ky, -
Zy Nrk 7M1 Zir My Rk /7M1 M, Rk /7M1
280 9,81 8,88
T 110593 — 2 10,8582 - —— =0,6699
0,8508 - 1063,6 0,8881 - 76,35 36,78
NEd,x My,Ed Mz,Ed
+kzy k,, =
Xz NRi 7M1 Y Mype/'m1 Mgk 7M1
280 9,81 ,
+0,9383 - +1,4303 - = 0,9396

- 0,5741 -1063,6 0,8881 - 76,35 36,78
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Analytical solution AxisVM e [%]
Npi.rd [KN] 1063,6 1063,6 -
Nory [kN] 3252,3 32524 -
Nerz [KN] 1197,7 1197,7 -
Ay, ret [-] 0,5719 0,5719 -
Az rel [] 0,9424 0,9424 -

Xy [] 0,8508 0,8509 -

Xz [1] 0,5741 0,5741 -
Mpl,rd,y [KNmM] 76,35 7717 +1
Mopi Rd,z [kKNm] 36,78 36,78 -

Ci[-] 1,132 1,13

Mer [KNm] 1741 174,08 -0,01
AT rel [-] 0,6622 0,6672 +0,7
Xur [] 0,8881 0,8857 +0,3
Mb,rd [KNmM] 67,81 68,41 +0,9
Crmy = Crt[-] 0,95 0,95 -
Cmz[-] 0,90 0,95 +5,5%*
kyy 1,0593 1,0593 -
Kzz 1,4303 1,5096 +5,5%**
Kyz 0,8582 0,9058 +5,5%**
Kzy 0,9383 0,9383 -
Interaction capacity ratio 1 0,6687 0,6801 +1,7%*
Interaction capacity ratio 2 0,9374 0,9564 +2,0™*

*%x

See EC3 Annex B, Table B.3: the difference is due to the fact, that AxisVM calculates
the equivalent uniform moment factor (Cmy, Cmz, Cmit) for both uniform load and
concentrated load, and then takes the higher value. The effect on the final result
(efficiency) is +1~2%.

*** the difference is due to the different Cm- value
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Software Release Number: X5r1

Date: 09. 11. 2018.

Tested by: InterCAD

File name: Double-symmetric | - Class 4.axs

Thema Interaction check of beam in section class 4 (EN 1993-1-1, EN 1993-1-5)
Analysis Steel Design
Type
Geometry
q

ZL lllllllllllllllllﬂ_
X 7%3,— I

4 L B

<

ro
w

h=1124 mm
tw =8 mm
b =320 mm

E 8 sl tf=12mm

L =8,000m

A =164,8 cm?
ly = 326159,4 cm*
Woely = 5803,6 cm?

N Y 15 4
R Fd

> 2 *
Double-symmetric welded | shape

Loads Axial force at B: Neq,c = 700 kN
Distributed load in z direction: gz = 162,5 KNm
The internal forces in the mid-section: Medy = 1300 KNm, Nedx =- 700 kN

Boundary eX=eY=eZ=fiX=0atA
Conditions | eY=eZ=fiX=0atB

Material S 355
Properties | E = 21000 kN / cm?
€=0,81
v=0,3
Element Beam element
types

Target Check the strength capacity ratios for axial force, bending and interaction.
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Results Analytical solution in the following book:
Dunai, L., Horvath, L., Kovacs, N., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati itmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.
Exercise 3.4., P. 14-16.
Exercise 3.6., P. 19-21.
Exercise 3.13., P. 34.
Analytical AxisVM e [%]
solution
Uniform compression
Ko flange [~] 0,43 0,43 -
Apange[~] 0,831 0,858 +3,1
Priange[—] 0,931 0,910 -2,3
begee[cm] 140,0 142,0 +1,4
Ko webl[—] 4 4 -
Apwen[~] 2,957 2,975 +0,6
Pweb[—] 0,313 0,311 -0,6
Defrwep[cm] 340,8 342,4 +0,5
A ¢[cm?] 99,98 97,46 -2,6
Negr [KN/cm?] [kN] 3549 3460 +2,6
capacity ratio: N 0,2 0,2 -
Uniform bending
Ko flange[—] 0,43 0,43 -
Ap flange ] 0,831 0,858 +3,1
Phiange[—] 0,931 0,910 2,3
begre[cm] 139,95 142,0 +1,4
¥ [-] -0,969 -0,959 +1,0
Ko web [~] 23,09 22,84 -1,1
Apweb [~] 1,231 1,245 +1,1
Pweb [—] 0,739 0,731 -1,1
Defrwen [cm] 408,6 410,4 +0,4
Wety,min [cM*] 5131 4976 -3,1
My eff ra [KNm] 1821,5 1766,5 -3,1
capacity ratio: M 0,71 0,74 +4,1
capacity ratio: N — M interaction 0,91 0,94 +3,3
Small differences occur because AxisVM does not take into account welding when
calculating the effective section sizes.
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Software Release Number: X5r1

Date: 08. 11. 2018.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.3)
File name: steel_fire.axs

Thema Fire design of steel elements — Unprotected column under axial compression (EN 1993-1-
2)

Analysis Steel Design

Type

Geometry

N

vk

B z
7777 — L el l_

Length: L = 3.5m
Section: HE180B

Loads Axial force at A: Nfi,ea = 495 kN
R30 required fire resistance

Boundary eX=eY=eZ=fiZ=0atB
Conditions | eX=eY=0atA

Material S275
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Results Analytical solution AxisVM e [%]
o, [°C] 766 767 +0.1
0, [°Cl] 623 633 +1.6
ky, [ 0.624 0.61 2.2
A/V [1im] 159 162.9 +2.5
s 0.714 0.715 +0.1
N, sira KN] 193 191 1.0
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Software Release Number: X5r1

Date: 08. 11. 2018.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.6)
File name: steel_fire.axs

Thema Fire design of steel elements — Unrestrained beam (EN 1993-1-2)
Analysis Steel Design
Type
Geometry
qfied = 12.48 kN/m
L=50m
Side view
Section: IPE 300
2
Loads Distributed load: gfieds = 12.48 kN/m
Boundary eX=eY=eZ=fiX=0atA
Conditions | eY=eZ=fiX=0atB
Material S 235
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Target Evaluate the critical temperature.
Results Analytical solution AxisVM e [%]
6, [°C] 519 518 0.2
Arro [1/m] 1.222 1.23 +0.66
Xirgi 11 0.364 0.362 -0.55
M, ; rg [kNm] 38.8 38.78 -0.05
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Software Release Number: X5r1
Date: 08. 11. 2018.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.7)
File name: steel_fire.axs

Thema Fire design of steel elements — Unrestrained beam-column (EN 1993-1-2)
Analysis Steel Design
Type
Geometry 7
i bbb badbbbbbibiibil N
A %
A
: L B
Length: L=6.0m
Section IPE 450
2 3

z 5

l—\; !
Loads Axial force at B: Nfieda = 136.5 kN

Distributed load: gfied = 15.89 kN/m
Boundary eX=eY=eZ=fix=0atA
Conditions | eY=eZ=fix=0atB
Material S 235
Properties | E = 21000 kN / cm?

v=0,3
Element Beam element
types

Target

Evaluate the critical temperature.
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Results Analytical solution AxisVM e [%]
6, [°C] (noLTB) 595 596 +0.2
0, [°Cl 515 517 +0.4
X.5 [1(512°C) 0.216 0.216 0.0
Xir.si [[1(512°C) 0.361 0.362 +0.3
;. [[1(512°C) 0.197 0.2 +1.5
k., [-1(512°C) 0.928 0.93 +0.2
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Software Release Number: X5r1

Date: 08. 11. 2018.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.8)
File name: steel_fire.axs

Thema Fire design of steel elements — Beam-column with restrained lateral displacements (EN
1993-1-2)
Analysis Steel Design
Type
Geometry
s ~_ 800 kN 0L
M A
\;‘1_4 ARy \ v 30 kNm 50 kNm
NN ! —
\ .‘"“‘ R .‘"“‘;- /
NN
L ] yA—
A
- 50 kNm 50 kNm
800 kN F

(Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures)

Length: L=3.0m
Section HE 200B

Loads Axial force: Nied = 800 kN
Bending moment: My fied = +/-50 kKNm

Boundary eX=eY=eZ=fiZz=0atB
Conditions | eX=eY=0atA

Material S 235
Properties | E = 21000 kN / cm?
v=0,3
Element Beam element
types
Results Analytical solution AxisVM e [%]
6., [°C] (with buckling) 552 554 +0.4
k, 1 0.374 0.35 -6.4
Xos [ 0.871 0.8704 -0.07
Vo1 fira [kN] 208.2 208.3 +0.05
N, ira [kN] 1134 1134.1 ~0.0
My i ra TkKNm] 31.2 31.39 +0.6

6., [°C] (without buckling;
M+N)

516 518 +0.4
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Software Release Number: X5r1
Date: 19. 11. 2018.
Tested by: InterCAD
Reference: Eurocodes: Background & Applications Structural Fire Design
File name: timber_fire_1.axs
Thema Fire design of timber elements — Unprotected beam (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
—8x1m=8m— Section A-A | '
T Finishing 6mm
— Topping 60mm
« 4m —] \\\ Insulation 40mm
+ — Boards 50mm
< Am g Set\:\ondary beam
l _— C24, 120x260mm
Main beam
GL24, 160x735mm
Length: L = 8m
Section: 160x735
Loads distributed load: q afi = 14.76 kN/m
R30 required fire resistance
Boundary eX=eY=eZ=0atB
Conditions | eY=eZ=fiX=0atA
Material GL24h
Properties | E = 1150 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%]
der [mm] 28 28 0.0
Omy.dfi [N/mm?] 13.6 13.6 0.0
fny.afi [N/mm?] 27.6 27.6 0.0
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Software Release Number: X5r1
Date: 19. 11. 2018.
Tested by: InterCAD
Reference: Eurocodes: Background & Applications Structural Fire Design
File name: timber_fire_2.axs
Thema Fire design of timber elements — Unprotected column (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
" l
—8x1m=8m—
) 4m
g /__)-"
|
< ]
4m
VA i
Loads Concentrated load on the top: Ngfi = 59 kN
R30 required fire resistance
Boundary eX =eY =eZ =fiZ =0 at the bottom
Conditions | eX =eY =0 at the top
Material C24
Properties | E = 1100 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%]
def [mm] 31 31 0.0
Kesi [-] 0.27 0.27 0.0
n [ 0.86 0.85 -1.0
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Software Release Number: X5r1
Date: 19. 11. 2018.
Tested by: InterCAD
Reference: Eurocodes: Background & Applications Structural Fire Design
File name: timber_fire_2.axs
Thema Fire design of timber elements — Protected column (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
" l
—8x1m=8m—
4m
< /")_"
|
< A\
4m
VA i
Loads Concentrated load on the top: Ngfi = 59 kN
R60 required fire resistance; protection: 18 mm gypsum board, ta = tcn = 36 min
Boundary eX =eY =eZ =fiZ =0 at the bottom
Conditions | eX =eY =0 at the top
Material C24
Properties | E = 1100 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%]
def [mm] 38.8 38.8 0.0
Kesi [-] 0.2 0.2 0.0
n [-] 1.64 1.66 +1.0
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Software Release Number: X5r1
Date: 07. 11. 2018.

Tested by: InterCAD

File name: Earthquake-01-EC.axs

Thema Earth-quake design using response-spectrum method.
Analysis Linear frequency analysis with 5 modes.

Type Linear static analysis.

Geometry

1 |
T w
11 |
N ‘

7,000

Top view

1 | | [l M I o
(7 \ \ hd 0O E—
nil | | & n_n - O
B} \ \ kd T O O

4,000

Front view
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|AII nodal masses are Mx=My=Mz=100000 kg \
Allbeams 60x40 cm
Inertia about vertical axis is multiplied by 1000.
T ///H/
< 4
AN — -
I
RN
T -+
+—{Support ]
. A A)I(I:suvpf%rgi;z‘\t(:gfl"lzsiroained in all directions.
nly
Perspective view
Section beams: 60x40 cm
Ax=2400 cm2 Ay=2000 cm2 Az=2000 cm2
Ix=751200 cm4 1y=720000 cm2 1z=320000000 cm4
Section columns: 60x40 cm
Ax=2400 cm2 Ay=2000 cm2 Az=2000 cm2
Ix=751200 cm4 1ly=720000 cm2 1z=320000 cm4
Loads Nodal masses on eight nodes. Mx=My=Mz=100000 kg
Model self-weight is excluded.
qa=1
Spectrum for X and Y direction of seismic action:
sl Sq 2,156 S [mef]
1 0 1,150
2 0,2000 2,156
3 0,6000 2,156
4 1,3000 0,995
5 3,0000 0,300
6 4,0000 0,300
1,150
0,709
0,300
2,0000 Tis]
Boundary Nodes at the columns bottom ends are constrained in all directions.
Conditions | eX=eY=eZ=fiX=fiY=fiZ=0
Material C25/30
Properties | E=3050 kN/cm2 v =0,2 p=0




AxisVM X5 Verification Examples

119

Element Rib element: Three node straight prismatic beam element. Shear deformation is taken into
types account.
Target Compare the model results with SAP2000 v6.13 results.
The results are combined for all modes and all direction of spectral acceleration.
CQC combination are used for modes in each direction of acceleration.
SRSS combination are used for combination of directions.
Results Period times of first 5 modes

Mode T[s] SAP2000 T[s] AxisVM Difference [%]
1 0,7450 0,7450 0
2 0,7099 0,7098 +0,01
3 0,3601 0,3601 0
4 0,2314 0,2314 0
5 0,2054 0,2053 +0,05
Modal participating mass ratios in X and Y directions
Mode eX eX Difference Y gY Difference
SAP2000 AxisVM % SAP2000 AxisVM %
1 0,5719 0,5723 +0,07 0,3153 0,3151 -0,06
2 0,3650 0,3647 -0,08 0,4761 0,4764 +0,06
3 0 0 0 0,1261 0,1261 0
4 0,0460 0,0461 +0,22 0,0131 0,0131 0
5 0,0170 0,0170 0 0,0562 0,0561 0
Summ 1,0000 1,0000 0 0,9868 0,9868 0
Internal forces at the bottom end of Column A and Column B
Column A | Column A | Difference | Column B | Column B | Difference
SAP2000 AxisVM % SAP2000 AxisVM %
Nx [kN] 315,11 315,15 -0,013 557,26 557,29 -0,005
Vy [kN] 280,34 280,34 0 232,88 232,88 0
Vz [kN] 253,49 253,49 0 412,04 412,04 0
Tx [KNm] 34,42 34,41 -0,032 34,47 34,46 -0,029
My [kNm] 625,13 625,12 -0,002 1038,74 1038,73 -0,001
Mz [KNm] 612,31 612,31 0 553,41 553,41 0
Support forces of Support C
Support C Support C Difference
SAP2000 AxisVM %
Rx [KN] 280,34 280,34 0
Ry [kN] 253,49 253,49 0
Rz [kN] 315,11 315,15 -0,013
Rxx [KNm] 625,13 625,12 -0,002
Ryy [kKNm] 612,31 612,31 0
Rzz [kNm] 3442 34,41 +0,029
Displacements of Node D
Node D Node D Difference
SAP2000 AxisVM %
eX [mm] 33,521 33,521 0
eY [mm] 19,944 19,945 -0,005
eZ [mm] 0,229 0,229 0
oX [rad] 0,00133 0,00133 0
@Y [rad] 0,00106 0,00106 0
¢Z [rad] 0,00257 0,00257 0
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Normal forces:

B L= (A]x]

File Edit View Defne Draw Select Assign Analyze Display Design  Options  Help
== e | 2lele|e]e(m 2w e|e]o] 2w

Fight Click an anp Frame Elernent for detalled diagram Hm =

5[]
Fle Edit GSettings Yew ‘window Help
D = 5 Geometry }Elemems }Laaus }Mesh Static IV\breﬁion IBucinr\g |Rc Design ISteeIDesign |
ol $-m KL B i | TG | | e [
% Llr\earﬂmalvslsﬁ ;l
v| Code 1 Euracode 8w
| Cose rms =2 |
E(W) :9,99E-11 <
_J\’ E(F) :3,99E-11 221,80 B-....
E(Eq) : 2,54E-13 B o
@ Comp. 1 M [kN] g " o)
g g8
s N - -
44 hai —
20359 -9
< ///65711]" 57
e /
s 80,457 15 o
P~
‘A . \E 2
£ \ 81 .-SJ/EF
& . /r—/f":
- . ©
.4 80,74 g e =
A0 557,29 Ligd
oo ]
% ///'llﬂ,lz—4 0,79
-
276 — | _
o a1 o
= \"»
h 9
\ -+
\ / -
24168
S| -1
K
B X[ dxm]: 8,139 dem]: 11,512
z d¥[m]: 3166 d af]: 21,26
d dZ[m]: -7,500 d dh[m] : -7.500
v . dlm]: 11,512

BREAHE G 1| L ] ﬂﬂ

I <Gl B L2 e



AxisVM X5 Verification Examples 121

Bending moments:

= L= (A]x]

File Edit View Defne Draw Select Assign Analyze Display Design  Options  Help
== e | 2lele|e]e(m 2w e|e]o] 2w

Fight Click an anp Frame Elernent for detalled diagram Hm =

_[&]x]
Ele Edit Settings Yew Window Help
D =R 5 Geometry }Elemems }Laaus }Mesh Static IV\breﬁion IBucinr\g |Rc Design ISteeIDesign |
> = | B @ I P|L 'K__u_ E'::u s o [mzmmm ]| Diagram =lf =
=
% Lingsr Analyziz §“
ode 1 Euracode
oyl e g §
. E(W) :39,99E-11 ; g
E (P 1 9,99E-11 e h
-I\ EEE)W) + 2,54E-13 259; g\h
»| Comp. : M2 [kNm] [or]
& 2
—y ol
44
< 284
36,01
v
% 254,44 /
=
i 32
’ = g
t 44,19 3)35%1;/ g @
&
& \
o 1686
378; of
% =
172,72 6183
i 341,29 A
Tes:
54 4761 | 34580 ,f}”""“/ 88,02
R
> o
76,37 176,48\, 562 Frdss/
386,37 3 7
s
o
555,67 . 5317 553,41 L
49332 4 BzAT
812,31 -
X[ dx[m]: 5,143 drlm]: 30,295
z ’;d\f[m]: 28,897 d d af]: 73,90
550,61 - dz[m]: -7.500 dh[m]: -7,500
Y. . dUm]: 30,235 =
aan+a 1| [l Il

Click to get result values or drag a frame to select, Use SHIFT to add slements to the selection B <-<2 i) ﬂ: 1|12 i
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=& %]
File Edit ¥iew Define Draw Select Assign Analyze Display Design Options Help
plwlal -|-| ¢|[@ | pleleloleln| |o|x|x|ow
U =]

Fight Click on any Frame Element for detailed diagram Hm =

IS
fle Edit Settings Yew Window Help
D = W 5 Geometry } Elements }Luads } Mesh  Static IV\hralmn IBuckIlng ]Rc Design ISteeI Design ]
= EEE | [my o =] | Diagram =lf 2 . | ‘
=y
y | M— &
)y Code EEur:(nde w0 ﬂ
Q ga(;vej ;;:95-11 w §55,53 =
_i: E(F) :39,9%E-11 o L% o g
E(Eq) : 2,54E-13 <t b b o &
ﬁ Comp._: My [kNm] en &
¥ ) i S (2“8,3'59/ \_
44 * S 553,82
2 I —— L 2
e{} o~ 100,491 - P
N 2|3 o
119,81 k G o
2 7485 2
§ Fra &
<A 14 2 o B 5 51%55“1/ 100,4%‘
l : 5 o plia— T 352.1445 56 5
g 8o S / 3 g
s 2282 12062 g5 3 =3 o
@
& 3 119,71 47853 \3&96
=] o 223,45 610.20
o ] =3 376 ; ]
oo g
56,81 e
| 2
% 747519814 —— ©
o 125,99 2
2281 -
Tes: 5
12 2 215,76
)
198,15
52,06 CR IR
125,76
616,63 1038,70
. 12153 L
228,31
g 52,07
626,12
=
| [ dxlm]: -1,080 drim]: 8,551
z 228,22 ’;dv[m] 62 ’:a a[]: 105,24
dZ[m]: -7,500 dh[m]: -7.500
N . - dlfrm]: 8551
aan+sand _ ™|

Click 10 et result values o drag & frame o select. Use SHIFT to add elements to the selection | < U e e plE
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Displacements:

SAPZ00D - Earthquake-01-EC -7 x|

pl@l@| || 2|[E | 2lele|elelm] sals|x|x|w e

cformed Shape (SPEC1) -0/ x|

Joint 1D 14

b
Tians 3352126 1994436 0.22890
Ratn 0,00133 0.00106 0.00257

Fight Click on anp jaintfor displacement values

- Start Animatian b I

N-mm

TR Axis¥M B.0.2.56 - Y ification Exampl arthq C.axs - 18] x|
Ele Edit Settings Yew Window Help
D =R 5 Geometry }Elemems }Laaus }Mesh Static IV\breﬁion IBucinr\g |Rc Design ISteeIDesign |

E'::u s o] [eximm || piagram =] ﬁ = = | ]

Linear Anzlysis

"
C( Code: Eurocode

Case =
E (W)
2|
E(Eq) 12
5| <o S
17 Pmm— ]
N =
X
‘A
i ] = E 4;\
e
S
/ Case [FR+
3 |~ ex[mml= 33,521 ;
LY 19,945
oo 0229
< 000133
0,00108
0,00257
g 38,007 ||
Tesﬂ 1R [rad] = 0,00308
|
/ -
- -1
.
-
X[ dx[m]: o drim]: 0
z d¥[m]: 0 da: 0
d dz[m]: 0 d dh[m]: 0
N . - difm]: 0
aan+a 1| [l Il

Click to get result values or drag a frame to select, Use SHIFT to add slements to the selection B <-<2 i) ﬂ: 1|12 i
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Software Release Number: X5r1
Date: 09. 11. 2018.

Tested by: InterCAD

File name: XLAM_Example_2.axs

Thema Design of an XLAM shell (EC5).
Analysis Linear analysis.
Type
Geometry | e A
Z
= =
! Pz=5.00kKN/m*2 = o
= (:.‘-_
<5 [Fe
)Ié
o
I; """ A =
’ 11,000 i
Top view (x-y plane)
Loads P =-100 kN concentrated force acting at point (x=9.0m,y =2.5m)
Pz = -5.00 kN/m? uniform load
PX = -5.00 kN/m line load on the right edge
Boundary eZ =0 along all edges
Conditions | eX =0 along the left edge
eY =0 along the top edge
The remaining DOFs are left free.
Material Material quality equals to C24 timber.
Properties
Section MM 7s/240 XLAM section with “x” oriented top layer grain direction and Service Class 2,
Properties | producing an overall thickness of 240 mm.
Element Shell element (Parabolic quadrilateral, heterosis type)
types
Mesh
Average element length is 0.2 m.
Target Efficiency at node 540 (x = 7.043 m, y = 3.125 m).

Stresses calculated with Axis VM
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Mode 540 *

Case:|5T1 |

Sxxm T [N/mm2] = -2,5016
S}rymT[N,"mmz] = -7.5253
Socm B [N/mm?2] = 2,3016
Syy m B [N/mm?] = 7.5253

S n [N/mm2] = -0,0307

Syy n [N/mm2] = 0
Sz max [M/mm?2] = -0,0499
Syz max [N/mm?2] = 0,0471
Sre max [N/mm?2] = -0,0499
Sry max [N/mm?2] = 0,0418

-

Normal stresses in x direction from bending and normal forces [N/mm?]

_2501® - 0.0307,

l 2.501

Normal stresses in y direction from bending [N/mm?]

-7.525

7.525

Shear stresses in x and y direction [N/mm?]

000 L | oot
715 -0.04 -0 -0 -0t om on2 Z;Z

Rolling shear stresses in x and y direction [N/mm?]

/ T\

g—__“—‘_i_—_*_‘—“
- 0.0499
4/ .~ 00418

Design value of strength [N/mm?]

h
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Service Class : 2

Load-duration class : permanent kmod = 0.6

System strength factor’ : ksys = Min(1.2, 1+0.025*7) = 1.175
Partial safety factor of the material : ym = 1.3

k.
Sna =k ““"‘—f’"”‘=13015.38 107
Yavi
k .
foa ='md—fv’k=1846.15-10‘3
Y u
k .
f;,O,d :ksvs M:759231 . 10_3
) Y u
k .
ft,90,d = ksys "“’d—f”%”‘ =216.92-.1073
Y u
k .- f
fc,o,d :m()d—fc’o’k=9692.31-10_3
Yavi
k .
Y =M=1153.85-10-3
M
k .-
Sra =Lf”":461.54-10*3
Y u

M-N efficiency (hand calculation)

Cnsna| , [Temna| _| 2501 | | -00307 | . oo,
fuwa || fra | 11301538:107] [9692.31-107|
Omymna | | =7525 | mer

foa | 11301538-107|

Max(0.1952, 0.5782) = 0.5782

Shear efficiency (hand calculation)

Pemd| | 0089 | 05654
foa 1846.15-107|

Damaca| | 0047 | 655545
foa 1846.15-107|

Max(0.02654, 0.02545) = 0.02654

. ksys = Min(1.1, 1+0.025*n) if NTC design code is selected

Rolling shear efficiency (hand calculation)
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Trommea| | —0.0499
fra 461.54-107

z-ry,rmx, d| __ 004 1 8
S 461.54-107

=0.1081

=0.09057

Max(0.1081, 0.09057) = 0.1081

Maximum efficiency from hand calculations

Max(0.5782, 0.02654, 0. 1081) = 0.5782

Efficiency calculated with Axis VM compared to the results from the previous hand

efficiency ——

calculations
X y Description | AxisVM | hand calculations | Diff [%]

7.043 m| 3.125 m | M-N efficiency| 0.578 0.578 0.00

7.043m|3125m| e 0.027 0.027 0.00
efficiency

7.043m|3.125 m | ROlingshear | 4 448 0.108 0.00
efficiency

7.043m|3.125m| Maximum |4 578 0.578 0.00
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Appendix A

Software Release Number: X4r3
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Date: 07. 02. 2018.
Tested by: InterCAD

Thema Clamped beam with symmetrical nonlinear material model — Theoretical background
Geometry F

-]

] Z b

A B

] 14

y

d

References | S. Kaliszky Mechanika Il. Tankényvkiadd, Budapest, 1990

Equations | Material function:

oc=C-&" (1)
Moment of inertia:
b/2
Jner=a f y"tidy @)
-b/2
Second-order linear differential equation for elastic curve:
2 1/n
d“v _ _( M ) / 3)
dz? Cln+1
Bending moment:
M(z) =F(-2z) (4)
Boundary conditions:
z=02=0; (5)
dz
z=0;y=0 (6)

Deflection equation based on previous equations (n = 1/2):
12z2 123 z*
222 _ 22 4 Z
F ( 2 "6 T 12)
(Clnr )™

y:
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Software Release Number: X4r3
Date: 07. 02. 2018.
Tested by: InterCAD

Thema Clamped beam with asymmetrical nonlinear material model — Theoretical background
Geomet
i S1 52 s3 F
z | xp I I
I I I
| | |
[ . . X
N . | —
ER S
AN — zone I | -
I I 7 I
Stress
distribution T Gt Gt=Gr
2o(x) T?
Cc -mé é
Equations | In the nonlinear zone (S1 section)

B or if zo(x) <z 1
o(x2) = or — Ex(x)(z—z,(x)) if z < zy(x) (1)
The normal force and the moment equations of equilibrium are given by

]

0 = orhv — f EK(x)(z — 7o(x))vdz 2)
X

20
F(f—x)=— f Ex(x)(z — zy)vzdz (3)

h

2
Solving equations (2) and (3) the nonlinear cross-section and the curvature is obtained by

_ F(£—x)
Zo(x)=h-3 ey (4)
20rh
Kk(x) =
h  2F g (5)
9E[7_W(€ —X)]

The length of the nonlinear zone is obtained from equation (4) under the condition

zo(xp) = 2
3 orh?v 6
xp =4 oF (6)
The nonlinear zone of the supported cross-section is also obtained from equation (4)
©)=h-3—2 ™
2= orhv

Substituting equation (4) and (5) to equation (1) under the conditions x, = 20 cm and
z=— % the maximal compressive stress at the supported end is obtained by:

o (xe—3) = ~BrCe) (—g— zo(xc)> ®
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In the linear zone (S3 section)

The stress distribution is given by
o(x,z) = —Ex(x)z
The moment equation of equilibrium is given by
20
F({—x)=— f Ex(x)zvzdz
h

2
Solving equation (10) the curvature is obtained by

12F(£ — x)
Eh3v
Integrating equations (5) and (11) two times the deflection is obtained by

k(x) =

ez(l)=fjxk(f)d€dx

(11)

(12)
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Software Release Number: X4r3
Date: 07. 02. 2018.
Tested by: InterCAD

Thema Clamped beam with only compression nonlinear material model — Theoretical background
Geomet
i S S2 S3 F
z | xp | I
= il |
71> X LN
\ | plastic | |
ﬁ - I Zohe I I -
| |7 | '
Stress
distribution X <Xe X=Xp X >Xp
Zo(x
é TZU{)(] ()
Equations | In the nonlinear zone (S1 section)
0 if zo(x) <z
o(x2) = {—Ek(x)(z —25(x)) if z < zy(x) (1)
The normal force and the moment equations of equilibrium are given by
Zo
N = J Ex(x)(z — zy(x))vdz 2)
3
Zo
F(f—x)=— f Ex(x)(z — zy)vzdz (3)

h

2
Solving equations (2) and (3) the nonlinear cross-section and the curvature is obtained by

20() = h— 3= %) ()

8N
() = SEuNh = 2FE — D) ©)

The length of the nonlinear zone is obtained from equation (4) under the condition

zo(xp) = 2
Nh
—p_ 6
xp =+ oF (6)
The nonlinear zone of the supported cross-section is also obtained from equation (4)
F¢
= —_ — 7
z0(0) = h =37 (7)

Substituting equation (4) and (5) to equation (1) under the conditions x. =20cm and
h . . . .
z=— the maximal compressive stress at the supported end is obtained by:

o (xc, — g) = —FEx(x.) <— g - zo(xc)> (8)
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In the linear zone (S3 section)

The stress distribution is given by
o(x,z) = —Ex(x)z (9)
The moment equation of equilibrium is given by
20

F({—x)=— f Ex(x)zvzdz (10)
h

2
Solving equation (9) the curvature is obtained by
12F(£ — x) (11)
Eh3v
Integrating equations (5) and (10) two times the deflection is obtained by

k(x) =

ez(l)=ffk(f)d5dx (12)
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